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Thesis Abstract 
Introduction 
There is an exigent need to develop novel antimalarial drugs in view of the 
mounting disease burden and emergent resistance to the presently used drugs against the 
malarial parasites. A large amount of natural products, especially those used in 
ethnomedicine for malaria, have shown varying in-vitro antiplasmodial activities. 
Facilitating antimalarial drug development from this wealth of natural products is an 
imperative and laudable mission to pursue.  However, the limited resources, high cost, low 
prospect and the high cost of failure during preclinical and clinical studies might militate 
against pursue of this mission. Chemoinformatics techniques can simulate and predict 
essential molecular properties required to characterize compounds thus eliminating the 
cost of equipment and reagents to conduct essential preclinical studies, especially on 
compounds that may fail during drug development. Therefore, applying chemoinformatics 
techniques on natural products with in-vitro antiplasmodial activities may facilitate 
identification and prioritization of these natural products with potential for novel 
mechanism of action, desirable pharmacokinetics and high likelihood for development into 
antimalarial drugs. In addition, unique structural features mined from these natural 
products may be templates to design new potential antimalarial compounds.  
Method 
Four chemoinformatics techniques were applied on a collection of selected natural 
products with in-vitro antiplasmodial activity (NAA) and currently registered antimalarial 
drugs (CRAD): molecular property profiling, molecular scaffold analysis, machine learning 
and design of a virtual compound library. Molecular property profiling included computation 
of key molecular descriptors, physicochemical properties, molecular similarity analysis, 
estimation of drug-likeness, in-silico pharmacokinetic profiling and exploration of structure-
activity landscape. Analysis of variance was used to assess statistical significant 
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differences in these parameters between NAA and CRAD. Next, molecular scaffold 
exploration and diversity analyses were performed on three datasets (NAA, CRAD and 
malarial data from Medicines for Malarial Ventures (MMV)) using scaffold counts and 
cumulative scaffold frequency plots. Scaffolds from the NAA were compared to those from 
CRAD and MMV. A Scaffold Tree was also generated for all the datasets. Thirdly, machine 
learning approaches were used to build four regression and four classifier models from 
bioactivity data of NAA using molecular descriptors and molecular fingerprints. Models 
were built and refined by leave-one-out cross-validation and evaluated with an 
independent test dataset. Applicability domain (AD), which defines the limit of reliable 
predictability by the models, was estimated from the training dataset and validated with the 
test dataset. Possible chemical features associated with reported antimalarial activities of 
the compounds were also extracted. Lastly, virtual compound libraries were generated 
with the unique molecular scaffolds identified from the NAA. The virtual compounds 
generated were characterized by evaluating selected molecular descriptors, toxicity 
profile, structural diversity from CRAD and prediction of antiplasmodial activity.   
Results 
From the molecular property profiling, a total of 1040 natural products were 
selected and a total of 13 molecular descriptors were analyzed. Significant differences 
were observed between the natural products with in-vitro antiplasmodial activities (NAA) 
and currently registered antimalarial drugs (CRAD) for at least 11 of the molecular 
descriptors. Molecular similarity and chemical space analysis identified NAA that were 
structurally diverse from CRAD. Over 50% of NAA with desirable drug-like properties were 
identified. However, nearly 70% of NAA were identified as potentially “promiscuous” 
compounds. Structure-activity landscape analysis highlighted compound pairs that formed 
“activity cliffs”.  In all, prioritization strategies for the natural products with in-vitro 
antiplasmodial activities were proposed.  
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The scaffold exploration and analysis results revealed that CRAD exhibited greater 
scaffold diversity, followed by NAA and MMV respectively. Unique scaffolds that were not 
contained in any other compounds in the CRAD datasets were identified in NAA. The 
Scaffold Tree showed the preponderance of ring systems in NAA and identified virtual 
scaffolds, which maybe potential bioactive compounds or elucidate the NAA possible 
synthetic routes.  
From the machine learning study, the regression and classifier models that were 
most suitable for NAA were identified as model tree M5P (correlation coefficient = 0.84) 
and Sequential Minimization Optimization (accuracy = 73.46%) respectively. The test 
dataset fitted into the applicability domain (AD) defined by the training dataset. The 
“amine” group was observed to be essential for antimalarial activity in both NAA and MMV 
dataset but hydroxyl and carbonyl groups may also be relevant in the NAA dataset. The 
results of the characterization of the virtual compound library showed significant difference 
(p value < 0.05) between the virtual compound library and currently registered antimalarial 
drugs in some molecular descriptors (molecular weight, log partition coefficient, hydrogen 
bond donors and acceptors, polar surface area, shape index, chiral centres, and synthetic 
feasibility). Tumorigenic and mutagenic substructures were not observed in a large 
proportion (> 90%) of the virtual compound library. The virtual compound libraries showed 
sufficient diversity in structures and majority were structurally diverse from currently 
registered antimalarial drugs. Finally, up to 70% of the virtual compounds were predicted 
as active antiplasmodial agents.  
Conclusions 
Molecular property profiling of natural products with in-vitro antiplasmodial activities 
(NAA) and currently registered antimalarial drugs (CRAD) produced a wealth of 
information that may guide decisions and facilitate antimalarial drug development from 
natural products and led to a prioritized list of natural products with in-vitro antiplasmodial 
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activities. Molecular scaffold analysis identified unique scaffolds and virtual scaffolds from 
NAA that possess desirable drug-like properties, which make them ideal starting points for 
molecular antimalarial drug design. The machine learning study built, evaluated and 
identified amply accurate regression and classifier accurate models that were used for 
virtual screening of natural compound libraries to mine possible antimalarial compounds 
without the expense of bioactivity assays. Finally, a good amount of the virtual compounds 
generated were structurally diverse from currently registered antimalarial drugs and 
potentially active antiplasmodial agents. Filtering and optimization may lead to a collection 
of virtual compounds with unique chemotypes that may be synthesized and added to 
screening deck against Plasmodium.  
Keywords 
Natural products; Antiplasmodial; Chemoinformatics; Profiling; Prioritization; Antimalarial; 
Scaffolds; Diversity; Scaffold Tree; Machine learning; Virtual compound library. 
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Chapter One 
1. Introduction 
1.1 Background  
 Malaria is a major health burden in Africa where ninety percent of the malaria deaths 
occur amongst children under the age of 5 years and pregnant women (World Health 
Organization 2011).  The wide distribution of drug-resistant Plasmodium falciparum strains 
has compounded the situation and has led to increasing numbers of fatal cases (World 
Health Organization 2011).   
Arguably, natural products, which are metabolites and/or by-products from biological 
source (microorganisms, plants or animals) (Strobel and Daisy 2003), have been the most 
consistent and successful source of antimalarial drugs (Willcox et al. 2004). Starting from 
Quinine (from Cinchona bark) and on to Artemisinin (from Artemisia annua), natural plant 
products have provided an invaluable armament against malaria. A review of the literature 
revealed an increasing number of natural products with good in-vitro and/or in-vivo 
antiplasmodial activities (Batista, De Jesus Silva Júnior, Ademir & De Oliveira 2009, 
Frederich, Tits & Angenot 2008a, Kaur et al. 2009, Nogueira, Lopes 2011). For example, 
between January 2009 and November 2010, Nogueira and Lopes reviewed 360 
antiplasmodial natural products comprising of terpenes, flavonoids, alkaloids, peptides, 
phenylalkanoids, xanthones, naphthopyrones, polyketides, depsidones, benzophenones, 
macrolides, and miscellaneous compounds from literature (Nogueira, Lopes 2011). 
Ironically, most of these antiplasmodial natural products are yet to make it through the 
antimalarial drug development pipeline to provide new antimalarial drugs. A compilation of 
these natural products with reported antiplasmodial activities was done from literature, 
theses and public chemical databases (Supplementary Information 3_1 on the DVD 
attached to this thesis). 
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Figure 1.1 Antimalarial from nature (Kaur et al. 2009) 
1.2 Problem Statement 
 A major limitation to the successful movement of these natural products through the 
antimalarial drug development pipeline, especially in Africa, may be the limited skilled 
manpower, inadequate infrastructure poor access to technological platforms to conduct 
drug discovery and development. Most research in the field of drug discovery for malaria, 
especially within academia and public research institutions, ends at the point of in vitro 
testing to establish antimalarial bioactivities of isolated or synthesized compounds 
(Nogueira, Lopes 2011, Paiardini et al. 2015). Only a few pharmaceutical companies are 
investing in preclinical and clinical development of antimalarial agents and other promising 
agents for neglected tropical diseases (Trouiller et al. 2002, Nwaka, Hudson 2006, Kremer, 
Glennerster 2004, Moon, Bermudez & Hoen 2012, Njoroge et al. 2014). This is because 
patents on such drugs are being discouraged  (Maurer, Rai & Sali 2004)  thus reducing the 
chance of recovering cost of research. Moreover, the disease is endemic in least 
developed countries that may not be able to afford newly developed drugs (Holt, Gillam & 
Ngondi 2012). In all, return on such investment is thus not guaranteed. Therefore, some 
pharmaceutical companies now undertake drug development for neglected tropical 
diseases and malaria as a corporate social responsibility. A classic example is the Novartis 
ity and animal toxicity activities. The extracts of Ludwigia erecta,
Fuerstia africana and Schkuhria pinnata exhibited antiplasmodial
activity (IC50 <5 lg/mL), with high selectivity index of 124.25 Of a
total of 27 aqueous extracts collected from different marine spe-
cies, on the northwest Cuban coast, three species of tunicates:
Microcosmus goanus, Ascidia sydneiensis and Phallusia nigra inhib-
ited parasite growth by 50% at concentrations of 17.5, 20.9 and
29.4 lg/mL, respectively.26
3. Alkaloids
Alkaloids are one of the most important classes of natural prod-
ucts providing drugs since ancient times. Alkaloids are the physio-
logically-active nitrogenous bases derived from biogenetic
precursors. A number of alkaloids are well known because of their
toxicity or use as psychodelic drugs (e.g., cocaine, morphine or
the semisynthetic LSD). At the same time, alkaloids have been
successfully used for the treatment of parasitic infections. The out-
standing example is quinine (2, Fig. 1) from Cinchona succirubra
(Rubiaceae) used for the treatment of malaria for more than three
centuries. Alkaloids based antimalarials discussed herein are di-
vided into naphthylisoquinolines, bisbenzylisoquinolines, protob-
erberines and aporphines, indoles, manzamines, and
miscellaneous alkaloids.
3.1. Naphthylisoquinoline alkaloids (Figs. 1 and 2)
Dioncopeltine A (3), dioncophylline B (4) and dioncophylline C
(5) isolated from the extracts of Triphyophyllum peltatum (Dionco-
phyllaceae), exhibited high antiplasmodial activity in P. berghei in-
fec ed mice.27 Dioncophylline C (5) cur d infecte mice completely
after oral treatment with 50 mg kg!1 day!1 for 4 days without
noticeable toxic effects. Korupensamine E (6), a monomeric
alkaloid (IC50 = 2.0 lg/mL)28 and korundami e A (7) a heterodi-
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antimalarial drug Coartem®, which is being sold at no profit in most malarial endemic 
countries (Maxmen 2012). In spite of its limited resources for research, academic and 
public research institutions have the onus to identify novel potential antimalarial agents 
(especially from natural products) and add value to such discoveries by conducting 
preclinical drug development.  
 In view of limited resources, the high cost, low prospect and the higher cost of failure 
during preclinical and clinical drug development, it has become important to identify, as 
early as possible, compounds that are most likely to make it through the drug development 
pipeline. In addition, resistance by the causative organism, Plasmodium, to current 
chemotherapy necessitates identification or design of novel chemotypes that may have 
unique mechanism of action. Therefore, the immediate logical steps to take given the 
collection of natural compounds that have shown antiplasmodial activities, is to 
characterize these compounds with the aim to prioritize and select possible candidates for 
the next stage of drug development.  
1.3 Approach 
Chemoinformatics characterization or profiling of natural products with 
antiplasmodial activities may facilitate the identification of novel compounds (unique 
molecular scaffolds and chemical features) with potentially new mechanism of action 
(MOA), and desirable pharmacokinetic profiles. Chemoinformatics techniques can model 
and predict essential molecular properties required to characterize these natural 
compounds thus eliminating the cost of equipment and reagents to conduct in-vitro or in-
vivo experiments to ascertain such properties. Compounds prioritized following the 
characterization or profiling of the natural products with antiplasmodial activities (referred 
to as “Hits”) may then be taken into the next stage of preclinical drug development, “Hit to 
Lead” optimization (Ekins et al. 2014). Furthermore, aspects of chemoinformatics like 
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prediction of drug-likeness (Tian et al. 2015), molecular scaffold analysis (Hu, Stumpfe & 
Bajorath 2011, Yongye, Waddell & Medina‐Franco 2012), quantitative structure activity 
relationship (Topliss 2012) and virtual library enumeration  (Reymond et al. 2012, Sud, 
Fahy & Subramaniam 2012, Sanhueza et al. 2015) may be applied on these natural 
products to mine information that may become valuable knowledge in antimalarial drug 
discovery/design. Hence this project contributed to the research efforts geared towards 
facilitation of cost-effective antimalarial drug discovery. 
1.4 Research questions 
Given the compiled list of natural products with in-vitro antiplasmodial activities (NAA) 
and the chemoinformatics techniques available within the drug discovery sphere we asked 
the following questions in order to gain valuable knowledge for antimalarial drug discovery: 
I. What are the molecular properties of NAA? 
II. Do the more active NAA share a set of molecular properties that are distinct from 
less active NAA and currently registered antimalarial drugs (CRAD)? 
III. How similar or diverse are these NAA from currently registered antimalarial drugs 
(CRAD)? 
IV. How many of the NAA could be predicted to have drug-like properties? 
V. Given the more active and less active NAA, what is the structural activity 
relationship? 
VI. Given the structure-activity relationships (SAR) observed within these natural 
compounds, could the chemical features necessary for antiplasmodial activity be 
determined? 
VII. Do the NAA have unique molecular scaffolds that can be used to design novel 
antimalarial drug candidates? 
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VIII. What is the most appropriate predictive equation or classification model that can 
relate molecular descriptors and molecular fingerprints to in-vitro antiplasmodial 
activity for these NAA? 
IX. Given the chemical features and the unique molecular scaffolds from NAA can a 
virtual compound library that may contain novel antimalarial compounds be 
designed? 
X. Can the developed predictive equation or classification model identify potential 
active compounds from a virtual compound library?  
1.5 Aim and Objectives of this Study 
Considering the dire need for novel antimalarial drug candidates, the potential of 
natural products to be a source of new chemotypes against malaria and the worth of the 
various aspects of chemoinformatics in drug discovery outlined, this study aimed to apply 
chemoinformatics strategies to natural products with in-vitro antiplasmodial activities in 
order to identify and design novel potential antimalarial drug candidates.   
1.5.2 Objectives and outcomes of the studies in this thesis 
1.5.2.1. Chemoinformatics profiling of selected natural products with in-vitro 
antiplasmodial activities (NAA) and currently registered antimalarial drugs 
(CRAD) (in Chapter three). 
Under this study, specific objectives included:  
1. Comparison of key molecular descriptors and physicochemical properties of NAA 
and CRAD. 
2. Determination of molecular similarity/diversity between NAA and CRAD. 
3. Exploration of chemical space of NAA and CRAD. 
4. Exploration of structure-activity landscape of NAA. 
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5. Estimation of drug-likeness, bioavailability and toxicity profile of NAA.  
The results from the study gave insight into compounds in NAA with novel chemotypes 
that are different from CRAD. In addition, the important molecular features that may define 
the reported in-vitro antiplasmodial activities of NAA were elucidated and promising NAA 
with desirable bioavailability and toxicity profiles were identified. 
1.5.2.2 Exploration of scaffolds from natural products with antiplasmodial activities, 
currently registered antimalarial drugs and public malarial screen data (in Chapter 
four). 
In this section of the study, a systematic identification of scaffolds from natural 
products with in-vitro antiplasmodial activity (NAA), compounds in malarial screen data 
from Medicine for Malaria ventures (MMV) and currently registered antimalarial drugs 
(CRAD) was conducted. 
The specific objectives included:  
1. Analysis of the scaffold diversity of NAA, MMV and CRAD. 
2. Exploration of similarity/diversity between scaffolds from NAA and scaffolds from 
CRAD. 
3. Exploration of structural similarity/diversity amongst scaffolds of NAA, MMV and 
CRAD. 
At the end of the study, novel scaffolds in NAA that may be used as strategic and guiding 
framework for design of new natural product inspired antimalarial compound libraries were 
identified. 
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1.5.2.3 Machine learning from natural products with in-vitro antiplasmodial activities 
(in Chapter five) 
This study focused on development of machine learning regression and classification 
models for natural products with varying in-vitro antiplasmodial activities (NAA). The 
specific objectives included:  
1. Establishment of predictive regression and classification models for the NAA. 
2. Evaluation of the predictive regression and classification models using standard 
model evaluation parameters. 
3. Analysis of the chemical structures of the compounds in the datasets (NAA) to find 
the most common substructure/molecular fragments/chemical features enriched 
within the most active and less active compounds.  
The outcomes of the study were machine-learning models that may be effectively used to 
screen, in-silico, large molecular databases.  
1.5.2.4 Virtual compound library designed from natural products with antiplasmodial 
activities (in Chapter six). 
This part of the study focused on the design of a virtual compound library based on 
active natural products with in-vitro antiplasmodial activities (NAA). Under this study, 
specific objectives included:  
1. Generation of a virtual compound library similar to approved drugs. 
2. Generation of a virtual compound library similar to natural products. 
3. Assessment of the molecular descriptors of the virtual compound libraries and 
comparison thereof to currently registered antimalarial drugs (CRAD).  
4. Assessment of the synthetic feasibility of the virtual compound libraries.  
5. Determination of the novelty of the compounds in the virtual compound libraries by 
evaluating their molecular similarity to currently registered antimalarial drugs.  
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6. Prediction of the antiplasmodial activity of the virtual compound libraries with the 
classification models built in the machine-learning study.  
The novel compounds identified from the virtual compound libraries predicted to be active 
might be potential novel antimalarial agents that may be developed into antimalarial drug 
candidates.  
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Chapter Two 
Literature Review 
Chemoinformatics as a tool to aid discovery of novel potential antimalarial drug 
candidates from natural products 
2.1 Background 
Malaria (from the Italian words “mal'aria” meaning “bad air” based on the early 
belief that the disease is caused by breathing the stale, warm, humid air around the 
swamp) (Shakely 2015, Maigemu, Hassan 2015, Sherman 1998, Bassey, Nyengidiki & 
John 2015)  is caused by infections with the blood parasite Plasmodium, transmitted by 
female mosquitoes (Anopheles gambiae complex) (Bahia et al. 2014). More than hundred 
different species of Plasmodium exist (Garnham 1966) but four species cause malaria in 
humans (Malaria 2007). Plasmodium falciparum is responsible for most malaria deaths, 
especially in Africa (Hviid, Jensen 2015). Plasmodium vivax, the most geographically 
widespread of the species, produces less severe symptoms (Beeson et al. 2015, Gill 
2015). Relapses, however, can occur for up to 3 years, and chronic disease is debilitating 
(Gill 2015, Beeson et al. 2015). Plasmodium malariae infections not only produce typical 
malaria symptoms but also can persist in the blood for very long periods, possibly 
decades, without ever producing symptoms (Das 2015). Plasmodium ovale is rare, can 
cause relapses, and generally occurs in West Africa (Tomar et al. 2015).  
2.1.1 Global Incidence of Malaria  
The 2014 World Health Organization (WHO) Malaria report stated that there has 
been a wide-scale reduction in malaria incidence and mortality rate (WHO. 2014).  This 
was attributed to the remarkable increase in financing and coverage of malaria control 
programs since the year 2000. Global estimated malaria case incidence rates fell by 30% 
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between 2000 and 2013, while estimated mortality rates fell by 47%. Figure 2.1 shows the 
current global malaria distribution. 
Nonetheless, nearly half the world’s population is still at risk of malaria. Globally, an 
estimated 3.3 billion people in 97 countries and territories are at risk of malaria, and 1.2 
billion are at high risk (>1 case of malaria per 1000 population each year) (WHO. 2014).  
An estimated 198 million cases of malaria (uncertainty range: 124–283 million) and 
584,000 malaria deaths globally (range: 367,000–755,000) was reported in 2013 (WHO. 
2014). Amongst this, approximately 82% of malaria cases and 90% of malaria deaths 
occurred in the WHO African Region, with children aged less than 5 years and pregnant 
women most severely affected (WHO. 2014). 
 
 
 
 
Figure 1: Recent global distribution of malaria incidence. Figure 2.1 Recent global distribution of malaria incidence. 
 (World Health Organization 2014). 
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2.1.2 Socioeconomic Impact of Malaria 
In addition to the devastating toll malaria takes on human life in terms of morbidity and 
mortality (high fever, profuse sweating, headache, nausea, vomiting, diarrhea, anemia), 
the disease imposes substantial costs to both individuals and governments. Costs to 
individuals and their families include purchase of drugs for treating malaria at home; 
expenses for travel to, and treatment at, dispensaries and clinics; lost days of work; 
absence from school; expenses for preventive measures; expenses for burial in case of 
deaths (Onwujekwe et al. 2013, Chuma, Thiede & Molyneux 2006, Adhvaryu 2014). The 
cost to governments include maintenance, supply and staffing of health facilities; purchase 
of drugs and supplies; public health interventions against malaria, such as insecticide 
spraying or distribution of insecticide-treated bed nets; lost days of work with resulting loss 
of income; and lost opportunities for joint economic ventures and tourism (Adhvaryu 2014). 
In 2014, the direct cost for malaria elimination and prevention of reintroduction (including 
insecticide-treated nets, monitoring/evaluation, detection/interdiction, treatment, 
community health workers, intermittent prevention therapy and diagnosis) in 34 malaria-
eliminating countries was estimated to be up to US$ 600 million (Zelman et al. 2014). The 
cost in lost economic growth is expected to be many times more than this amount.  
2.1.3 Life cycle of Malaria 
Research on malaria, lifecycle of the causative parasite and the vector, Anopheles 
gambiae (Figure 2.2), has been rewarded with four Nobel prizes: Ronald Ross (1902), 
Charles Louis Alphonse Laveran (1907), Julius Wagner-Jauregg (1927) and Paul 
Hermann Muller (1948) (www.nobelprice.org). Anopheles mosquitoes carry Plasmodium 
and of the over 400 Anopheles species, only 30–40 can transmit malaria. The infection 
starts, when a female mosquito injects "sporozoites" (one form of P. falciparum) into 
human skin while taking a blood meal. The sporozoites travel (in the bloodstream) into the 
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liver where they invade liver cells. They mature into a "schizonts" (mother cell), which 
produce 30000–40000 "merozoites" (daughter cells) within six days.  
The merozoites burst out and invade red blood cells. Within two days, a merozoite 
transforms into a trophozoite, then into a schizont and finally 8–24 new merozoites burst 
out from the schizont and the red cell as it ruptures. Then the merozoites invade new red 
cells. P. falciparum can prevent an infected red cell from going to the spleen (the organ 
where old and damaged red cells are destroyed) by sending adhesive proteins to the cell 
membrane of the red cell. The proteins make the red cell to stick to small blood vessel 
walls. This poses a threat for the human host since the clustered red cells might create a 
blockage in the circulation system. A merozoite can also develop into a "gametocyte" 
which is the stage that can infect a mosquito. There are two kinds of gametocytes: males 
(microgametes) and females (macrogametes). A mosquito ingests them, when it takes a 
blood meal from infected blood. Inside the mosquito's midgut, male and female 
gametocytes merge into "zygotes" which then develop into "ookinetes." The motile 
ookinetes penetrate the midgut wall and develop into "oocysts."  
The cysts eventually release sporozoites, which migrate into the salivary glands 
where they are injected into humans. The development inside a mosquito takes about two 
weeks and only after can the mosquito transmit the disease. P. falciparum cannot 
complete its life cycle at temperatures below 20 °C. 
2.1.4 Symptoms of Malaria 
Malaria typically produces a string of recurrent attacks, or paroxysms, each of which 
has three stages: chills, followed by high fever, and then sweating. Accompanying the high 
fever is headache and vomiting that usually appear between 10 and 15 days after the 
mosquito bite and coincide with the bursting of infected red blood cells (RBCs). Malaria 
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attacks can recur at regular periods—every 2 days for P. vivax malaria and P. ovale, and 
every 3 days for P. malariae. 
 
 
 
2.1.5 Current antimalarial therapy and future prospects 
The current antimalarial therapy recommended by world health organisation (WHO), 
following the development of resistance to chloroquine and the follow-up drugs (Sharma et 
al. 2015, Gadalla et al. 2015, Wellems, Plowe 2001), is an Artemisinin Combination 
Therapy (ACT) (Saha et al. 2015, Elmannan et al. 2015, Gadalla et al. 2015). ACT had 
been adopted as national policy for first-line treatment in most countries in which 
Plasmodium falciparum is endemic (Pelfrene, Pinheiro & Cavaleri 2015). Presently, there 
Figure 2: Life cycle of the parasite theta causes malaria Plasmodium sp. in the vector 
(Anopheles mosquito) and in the host (human) . 
Figure 2.2 Life cycle of the parasite that causes malaria, Plasmodium sp., in the 
vector (Anopheles mosquito) and the host (human). 
Courtesy of the Carter Centre/Graphics by Al Granberg. 
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are no alternative antimalarial medicines that offer the same level of efficacy and 
tolerability as ACT. The emergence of artemisinin resistance in multiple locations is 
therefore a matter of great concern (Miotto et al. 2015). The resultant question is: where 
should one seek for the next significant antimalarial drug? Given that the first ever-
antimalarial drug, quinine was from nature and the most recent antimalarial drug, 
artemisinin is also from nature, the foregoing question seem to have an obvious answer. 
Nature, which provided the “alpha” chemotherapeutic agent for malaria (quinine), may be 
the repository to provide the “omega” antimalarial agent.  
2.2. Natural Products and Malaria 
2.2.1 Nature's Alchemy 
Nature has provided the medicinal agents (from plants, fungi and minerals) used for 
centuries to treat injuries and diseases (Price 2001). Evidence of documentation on clay 
tablets in Mesopotamia is available as far back as 3000 B.C (Price 2001). The Papyrus 
Ebers from Egypt, dated at 1500 B.C., lists more than 800 medicinal plants and describes 
their uses and even their dosages in details (Price 2001). The Egyptian, Greek and 
Persian physicians promoted the rational use of these natural medicinal agents, devoid of 
mystical beliefs, and incorporated them into practice of medicine (Price 2001). This was 
the situation until early 19th century when the first isolated natural substance (morphine) 
was successfully isolated and analyzed (Schmitz 1985). This became the forerunner of 
today's pharmaceutical industry.  
Through the ability to isolate pure substances from plants, natural substances 
became the focus of the pharmaceutical industry. A typical case in point is salicylic acid 
extracted from myrtle and willow bark used to alleviate the fever and headache that 
accompany cold and flu (Jones 2001). However, because of its side effects, salicylic acid 
initially had no success on the market (Jones 2001). Its breakthrough became possible 
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thanks to further developments by the young Bayer chemist Felix Hoffmann (Hennekens 
2012, Jones 2001). The result was acetylsalicylic acid, which was introduced to the market 
in 1899 as Aspirin® and became the most successful medication in history (Sneader 2000, 
Lüscher 2015, Hennekens 2012, Jones 2001). Table 2.1 shows some compounds isolated 
from natural substances that later became blockbuster drugs.  
Table 2.1 Selected compounds isolated from natural substances that later became 
blockbuster drugs (Jones 2011, Cragg and Newman 2013). 
Natural 
Substance 
Natural Source Successful Drugs 
Developed from the 
Natural Substance 
Year of 
First 
Record 
Medical use 
Cocaine Erythroxylon coca Cocaine 1609 Local 
anaesthetics 
Quinine Cinchona succiruba Quinine, Chloroquine, 
Amodiaquine, Pentaquine, 
Primaquine, Mefloquine 
Early 17th 
century 
Antimalarial 
Salicylic acid Salix alba (Willow 
bark) 
Acetyl Salicylic acid 
(Aspirin®) 
1763 Pain reliever 
Digitalis Digitalis purpurea  Digoxin (Cardiac 
glycosides) 
1785 Treatment of 
heart conditions 
Morphine 
Papaver 
somniferum 
Morphine 1804 Strong pain killer 
Penicillin Penicillium rubens Amoxicillin, Ampicillin, 
Cloxacillin, Flucloxacillin, 
Penicillin G 
1920 Antibiotics 
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Ergotamine Claviceps purpurea Ergotamine (Gynergen®) 1918 Post-partum 
haemorrhaging, 
Migraines 
Reserpine Rauwolfia 
serpentina 
Reserpine (Serpasil®) 1952 Sedative, 
Antihypertensive, 
treatment of 
dyskinesia 
Paclitaxel  Taxus brevifolia  Paclitaxel (Taxol®) 1967 Antitumor and 
anticancer 
Cyclosporine Tolypocladium 
inflatum 
Cyclosporine 
(Sandimmue®) 
1972 Organ 
transplants, 
Rheumatoid 
arthritis. 
2.2.2 Contribution of natural products to antimalarial therapy 
The discovery of quinine from Cinchona succiruba (Rubiaceae) and it subsequent 
development into a reliable antimalarial drug represented a milestone in the history of 
modern medicine for malaria. Quinine was the “alpha” of modern antimalarial and the 
parent of succeeding antimalarial drugs. The molecular framework of quinine (Figure 2.3) 
eventually became a template for the synthesis of aminoquinoline-based antimalarial 
drugs. A number of useful aminoquinoline-based antimalarial compounds synthesized 
include chloroquine, amodiaquine, primaquine and mefloquine (Figure 2.3) (O'Neill et al. 
2006).   
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Figure 2.3 The chemical structures of quinine from Cinchona sp. and its synthetic 
derivatives. The aminoquinoline molecular framework of quinine was the inspiration for 
more active synthetic derivatives. 
 
 
Quinine 
Chloroquine Amodiaquine 
Mefloquine 
Primaquine 
! ! !
! !
Figure 4. The chemical structures of artemisinin from Artemisia annua and its derivatives. The 
endoperoxide molecular framework of artemisinin was the inspiration for the more active 
derivatives.   
Artemisinin Artemether Arteether 
Artesunate Dihydroartemisinin 
Figure 2.4 The chemical structures of artemisinin from Artemisia annua and its 
derivatives. The endoperoxide molecular framework of artemisinin was the inspiration for 
the active derivatives. 
Artemisinin Artemether t t r 
Dihydroartemisinin Artesunate 
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Most recently, natural products have once again become the mainstay of 
chemotherapy for malaria. The isolation of artemisinin (qinghaosu) (Figure 2.4) from 
Artemisia annua (ElSohly et al. 1990) has led to the development of more active 
derivatives against malaria, such as artemether, arteether, dihydroartemisinin and 
artesunate (Figure 2.4) (De Vries, Dien 1996, Price et al. 1996). These drugs have 
become the major part of the standard treatment guideline for malaria recommended by 
the World Health Organization (WHO) (World Health Organization 2006). These two 
milestones, quinine and artemisinin, are used as case studies in the impending 
paragraphs to highlight the contribution of natural products to antimalarial drugs.  
2.2.3 Case study of the first and current nature's arsenal against malaria 
2.2.3.1 Quinine from Cinchona 
2.2.3.1.1 Historical perspective and plant morphology 
Discovered in the 17th century in Peru, cinchona bark was the first specific 
treatment for malaria. A member of the Rubiaceae family, Cinchona comprises of 23 
species (Willcox et al. 2004). Unfortunately, these species share significant morphological 
similarity (Figure 2.5A) and can only be distinguished by considering multiple 
morphological characteristics (Willcox et al. 2004). This has led to taxonomical confusion 
evidenced by disparity in the number of species listed for Cinchona by different 
researchers (Willcox et al. 2004). Concerning ethnobotanical use, Cinchona bark is used 
as decoction, infusion and maceration for the treatment of malaria today in many countries 
(Willcox et al. 2004). The most popular species are C. ledgeriana (Madagascar), C. 
officinalis (Madagascar and Sudan) and C. succirubra (Madagascar and Sao Tome) 
(Willcox et al. 2004).  
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2.2.3.1.2 Chemical constituents of Cinchona and their activity 
Up to 30 alkaloids have been described in cinchona bark (Dijkstra, Kellogg & 
Wynberg 1990, Kacprzak 2013, Willcox et al. 2004b), several of which are active against 
Plasmodia in-vitro (Willcox et al. 2004b) and some of which are not (Willcox et al. 2004b). 
The four most well known alkaloids, quinine with its D-isomer quinidine, cinchonine with its 
L-isomer cinchonidine has antiplasmodial activity (Kacprzak 2013). Interestingly, quinine is 
not the most potent amongst these alkaloids (Table 2.2) but has been developed into a 
useful antimalarial drug. This was due to the change in supply from South American to 
Javan cinchona bark, which contained a higher proportion of quinine (Achan et al. 2011). 
 
 
Figure 5. A: A stalk from Cinchona officinalis (Rubiaceae) showing the arrangement of 
the leaves, the leaves (and its venation) and the flowers. B: A stalk from Artemisia 
annua showing the arrangement of the leaves, the leaves (and its venation) and the 
flowers.  
A B 
Figure 2.5 Botanical features of Cinchona officinalis and Artemisia annua. 
Panel A: A stalk from Cinchona officinalis (Rubiaceae) showing the arrangement 
of leave, venation of leaves and the flowers. Panel B: A stalk from Artemisia 
annua showing the arrangement of the leaves, leave venation and the flowers. 
http://www.caribbeanfootprint.com (October 2015). 
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Table 2.2 Inhibitory concentration (IC50) (nmol/l) of Cinchona Alkaloids against Two 
Clones of Plasmodium falciparum 
Alkaloids from Cinchona D-6 clone W-2 clone 
Quinidine 13.4 43.7 
Quinine 29.3 103.2 
Cinchonine 18.3 70.8 
Cinchonidine 69.5 206.8 
D-6 clone: Chloroquine sensitive  
W-2 clone: Chloroquine resistant 
Source: Kacprzak, K. M. (2013). 
  
2.2.3.1.3 Synthetic derivative of quinine: Chloroquine 
Synthetic derivatives from quinine have been outlined earlier (section 2.2.2, Figure 
2.3). In the 1950s, the antimalarial therapy was based mainly on chloroquine (Figure 2.3), 
developed towards the end of World War II (Coatney 1963). For a long time, chloroquine 
based regimen was the mainstay of standard treatment guidelines for malaria (World 
Health Organization 2006). Fatally, resistance to chloroquine occurred throughout the 
tropical world, and resistance to its successors, such as sulphadoxine-pyrimethamine 
(Fansidar®) and Mefloquine (Lariam ®), have developed rapidly (Djimdé et al. 2001, 
Sibley et al. 2001, Wellems, Plowe 2001).  
2.2.3.1.4 Mechanism of action of quinine and chloroquine 
Inhibition of heamozoin in the food vacuole of Plasmodium has been proposed as 
the mechanism of action of chloroquine (CQ) (Combrinck et al. 2012). Combrinck et al. 
showed, using cell fractionation and measurement of iron (III) heme-pyridine, that CQ 
cause a dose-dependent decrease in heamozoin and concomitant increase in toxic free 
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heme in cultured Plasmodium falciparum (Combrinck et al. 2012). The increase in the free 
heme was directly correlated with parasite survival.   
2.2.3.2 Artemisinin from Artemisia annua 
2.2.3.2.1 Historical perspective and plant morphology 
The outstanding activity of artemisinin, from ether extraction of Qinghao Artemisia 
annua (sagebrush, wormwood, and mugwort), was observed on 4 October 1971 
(Cumming, Ploypradith & Posner 1997, Tu 2011).   Artemisia annua grows in temperate 
climates (Willcox et al. 2004). It is widely distributed in China and Vietnam but also found 
in East Africa, United States, Russia, India and Brazil (Willcox et al. 2004). The plant has 
fern-like leaves, bright yellow flowers and a camphor-like scent (Willcox et al. 2004). It 
reaches about 2 meters in height, has a single stem with alternating branches carrying 
alternating leaves of 2.5 – 5cm (Figure 2.5B) (Willcox et al. 2004). In terms of 
ethnobotanical usage, A. annua (Qinghao) was recorded as remedy for haemorrhoid on a 
piece of silk unearthed from the Mawangdui Tomb of the West Han Dynasty (168 BC) 
(Willcox et al. 2004, Maude, Woodrow & White 2010). In “The Handbook of Prescription 
for Emergency Treatments”, written by Ge Hong (281 – 340 AD) in East Jin Dynasty, 
Qinghao, it was described for the treatment of fever (Willcox et al. 2004, Tu 2011). Ge 
Hong wrote this recipe in his book “one handful bunch of Qinghao, soaked in two Sheng of 
water, wring it out for getting the juice and drink it all” (Willcox et al. 2004, Miller, Su 2011). 
This instruction proved to be crucial to get the emulsion of water and plant juice containing 
the active fraction (Willcox et al. 2004, Tu 2011).  In addition, it guided the extraction 
process (with ether) employed by researchers since the preliminary screening process of 
the aqueous extract of the plant did not show any significant antimalarial activity at all 
(Miller, Su 2011, Willcox et al. 2004, Tu 2011).    
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2.2.3.2.2 Chemical constituents of Artemisia annua and their activities 
Artemisia annua contains essential oils with at least 40 volatile compounds and 
several non-volatile sesquiterpenes. Artemisinin and related compounds are the 
sesquiterpenes of the highest interest due to their antimalarial activities (Miller, Su 2011, 
Willcox et al. 2004, Tu 2011). Artemisinin was isolated in its pure form from A. annua in 
China (Miller, Su 2011, Willcox et al. 2004, Tu 2011) and has been reported to show in-
vitro antiplasmodial activity of 34 ug/ml and 33 ug/ml against K1 Thailand isolate and 
NF54 strain of Plasmodium falciparum (Fugi et al. 2010). The unprecedented structure of 
artemisinin (Figure 2.4) with an endoperoxide is quite unique (Tu 2011, Willcox et al. 2004) 
to the antimalarial sphere. This unusual structural feature of artemisinin is said to be the 
basis for its unique antimalarial action (Hartwig et al. 2011).  
2.2.3.2.3 Mechanism of action of artemisinin 
The detail of the mechanism of action (MOA) of artemisinin is not completely 
elucidated. During the Plasmodium infection of the red blood cell, the organism digests the 
protein portion of haemoglobin. As soon as the globin portion is digested, the iron within 
the haeme group reacts with artemisinin, forming harmful free radicals and alkylating 
agents (Hartwig et al. 2011). The latter damages the parasites' macromolecules and cell 
membrane. 
2.2.4 Summary of some natural products that have shown in vitro antiplasmodial 
activities 
Beside quinine and artemisinin, a number compounds isolated from natural 
substances that have been ethnobotanically used for treatment of malaria, have shown 
varying in-vitro antiplasmodial activities (Laurent, Pietra 2006, Kaur et al. 2009, Batista, De 
Jesus Silva Júnior, Ademir & De Oliveira 2009, Mojab 2012, Nondo et al. 2015, Harvey, 
Edrada-Ebel & Quinn 2015). For example, Azadirachta indica, a plant native to India and 
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Western Africa has made significant contributions to the list of phytochemicals with 
antiplasmodial activities. Limonoids, nimbolide and gedunin have been reported to be the 
potent component of Azadiratha indica responsible for its in-vitro antiplasmodial activity 
(Chianese et al. 2010). A detailed phytochemical investigation of the fruit of an African 
sample of A. indica, collected in Burkina Faso, revealed 10 pure triterpenoid derivatives, 
two of which were new molecules, named neemfruitins A and B (Yerbanga et al. 2012). 
The structures of these new molecules were characterized and it showed in-vitro 
antiplasmodial activities (Yerbanga et al. 2012). A review of the literature revealed a large 
number of natural products with varying in-vitro antiplasmodial activities. Table 2.3 shows 
few of these antimalarial natural products isolated from natural substances.  The natural 
source, in-vitro antiplasmodial activity value and chemical class are also shown. 
This pool of natural compounds may represent valuable, veritable and much 
desired potential antimalarial drugs. Therefore, compilation and chemoinformatics 
characterization of these natural compounds with in-vitro antiplasmodial activities may be 
a crucial step to identifying and prioritizing potential antimalarial drugs from nature. 
Chemoinformatics strategies may be used to extract chemical information from these 
natural compounds. Various data mining techniques may then be used to relate the 
chemical information from the natural compounds to observed antiplasmodial activity and 
thus may transform data into information and information into knowledge for the intended 
purpose of making better decisions faster in the area of antimalarial drug design, lead 
identification, prioritization and organization (Covell 2005, Brown 1998). The forthcoming 
paragraphs give a brief insight into the concept of chemoinformatics, the approaches used 
and its potential role in advancing antimalarial drug discovery/design from nature.   
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2.3. Chemoinformatics 
2.3.1 Definitions and Background 
The terms “chemoinformatics,” “chem(o)informatics,” “chemical informatics,” and 
“chemical information” have all been used, but “chemoinformatics” is the most commonly 
used name (Leach, Gillet 2007). Chemoinformatics integrates chemical information with 
biological information using computational methods to create a systems chemical biology 
(Ertl 2014). It involves the use of computer technologies to process chemical data (Leach, 
Gillet 2007, Ertl 2014). Johann Gasteiger and Thomas Engel defined chemoinformatics 
succinctly as “application of informatics methods to solve chemical problems” (Gasteiger 
2003). One aspect that justifies the emergence of chemoinformatics is the sheer 
magnitude of chemical information that must be processed. For example, Chemical 
Abstracts Service adds over three-quarters of a million new compounds to its database 
annually, for which large amounts of physical and chemical property data are available 
(Weisgerber 1997).  
Table 2.3 Selected compounds isolated from natural substances that have shown 
in-vitro antiplasmodial activities (Batista, De Jesus Silva Júnior, Ademir & De Oliveira 
2009, Frederich, Tits & Angenot 2008a, Kaur et al. 2009, Nogueira, Lopes 2011). 
Natural product 
In-vitro 
Antiplasmodial 
IC50 (µM) Natural sources 
Chemical 
class 
8-hydroxymanzamine A 0.011 Acanthostrongylophora sponge Alkaloid 
Exiguaflavone A 0.011 Artemisia indica (Stem) Flavonoids 
Aigialomycin F 0.011 
Paecilomyces sp. (Trichocomaceae, 
fungus). Lactones 
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Salinosporamide A  0.012 
Marine actinomycete Salinispora 
tropica Peptides 
(+)-manzamine A 
hydrochloride  0.013 Acanthostrongylophora ingens Alkaloid 
Tubulosine 0.013 Pogonopus tubulosus (Bark) Alkaloid 
Habropetaline A  0.013 Roots of Triphyophyllum peltatum Alkaloid 
Diisocyanoadociane 0.014 Cymbastela hooperi (A Sponge) Diterpenes 
Samaderines X 0.015 Quassia indica (Stem) Quassinoids 
Diterpeneperoxide 0.017 Amomum krervanh (Stem) Terpenes 
Ineupatorolide A 0.019 Carpesium rosulatum (Asteraceae) 
Sesquiterpene 
lactones 
6α,7β-
diacetoxyvouacapane 0.019 Bowdichia nitida (Fabaceae) Sesquiterpenes 
2.3.2 Origin of Chemoinformatics 
With the advent of computers and the ability to store and retrieve chemical 
information, serious efforts to compile relevant databases and construct information 
retrieval systems began. What differentiates chemical data processing from other data 
processing is that chemical data involves the requirement to work with chemical 
structures. This requirement necessitated the introduction of special approaches to 
represent, store and retrieve structures in a computer system. Chemoinformatics started to 
emerge as a distinct discipline in the late 1990s (Willett 2008, Chen 2006). Actually, it has 
emerged from several older disciplines such as computational chemistry, computer 
chemistry, chemometrics, quantitative structure activity relationship (QSAR), chemical 
information, etc. (Chen 2006, Willett 2008, Bunin 2006). Initial activities in the field started 
with chemical document processing. The Journal of Chemical Documentation was 
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published in 1961 by the American Chemical Society (ACS) to address this issue. It was 
renamed the Journal of Chemical Information & Computer Science after 1974 (Baker, 
Horiszny & Metanomski 1980). Another activity was implemented by the Cambridge 
Structural Database (CSD), which stores crystal structures of small molecules and 
provides a fertile resource for geometrical data on molecular fragments for calibration of 
force fields and validation of results from computational chemistry (Allen, Motherwell 
2002). Todd Wipke recognized the need for a chemical information system to handle the 
increasing numbers of small molecules generated in industry, and thus MDL and MACCS 
were born (Covell 2005). 
2.3.3 Some questions that chemoinformatics can answer  
Chemoinformatics may provide answers to the following questions: Of the over 
1000 or so natural compounds included in this study, how many could be predicted to lack 
drug-like properties (molecular weight too large? logP too high?)? Do the most active of 
these natural compounds share a set of molecular properties that are distinct from the less 
active compounds and the currently registered antimalarial drugs? How diverse are these 
natural compounds from currently registered antimalarial drugs? Given the structure-
activity relationships (SAR) observed within these natural compounds, could one 
determine the chemical features necessary for antiplasmodial activity?  Can one design a 
virtual compound library that may contain novel antimalarial compounds? Can a predictive 
equation or model relating molecular properties and in vitro bioassay activity for these 
natural compounds be built? Based on the predictive equation or model, can one identify 
potentially active compounds from a virtual compound library?  These are representative 
questions facing the current drug design community and focus of chemoinformatics. 
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2.3.4 Key Aspects and Usefulness of Chemoinformatics in Drug Design/Discovery 
Some key aspect of chemoinformatics that have contributed to drug design include: 
chemical structure handling (Willett 2008), building and maintenance of chemical 
databases (Allen et al. 1991), calculation of molecular descriptors (Todeschini, Consonni 
2008), structure and substructure searching in two dimension (2D) and three dimension 
(3D) (Bruno et al. 2002, Ertl et al. 2015, Duesbury, Holliday & Willett 2015), generation of 
3D structures from 2D structures (Gasteiger, Rudolph & Sadowski 1990, OLBoyle et al. 
2011), molecular similarity search and analysis (Backman, Cao & Girke 2011), chemical 
structural activity relationships (Topliss 2012), prediction of absorption, distribution, 
metabolism, excretion and toxicity (ADMET) of hit compounds (Maltarollo et al. 2015, 
Lagunin et al. 2014), bioactivity predictive models (Cumming et al. 2013), virtual 
compound library enumerations (Sud, Fahy & Subramaniam 2012, Karthikeyan, Vyas 
2014) and data mining (Liao, Chu & Hsiao 2012). The description and usefulness of the 
aspects of chemoinformatics immediately relevant to this study are discussed and 
highlighted with examples below.  
2.3.4.1 Molecular Descriptors  
Molecular descriptors (MD) are numerical values that characterize properties of 
molecules e.g. physicochemical properties. Over the past years many MD have been 
introduced, and new ones are continually being proposed (Todeschini, Consonni 2008, 
Marrero-Ponce et al. 2012, Ritchie, Macdonald 2014). The reason for this proliferation is 
the need to find the most information rich and most suited MD to model chemical, 
biological and physical properties (Willighagen, Wehrens & Buydens 2006). MD may 
represent the complete molecules e.g. partition coefficient (LogP), molar refractivity or may 
be calculated from two dimensional (2D) graphs of the chemical structure e.g. Topological 
Indexes and 2D fingerprints. However, some MD requires three dimensional (3D) 
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representations of the chemical structure e.g. Pharmacophore descriptors. The Handbook 
of Molecular Descriptors published in 2000 is the standard reference that gives an 
overview of the molecular descriptors (MD) (Todeschini, Consonni 2008). Various software 
packages are available to calculate MD and Table 2.4 gives an overview of some of these 
software packages.  
Molecular descriptors (MD) are pivotal to most chemoinformatics processes in drug 
design. For example, there is usually a need to recognize or identify drug-like compounds 
from a compound library. This has been achieved by calculating molecular descriptors of 
the compounds and scoring each compound based on predetermined values of molecular 
descriptors that are observed in marketed drugs (Bemis, Murcko 1996, Bemis, Murcko 
1999, Subramanian et al. 2014, Tian et al. 2015, Wu et al. 2015). Another area where 
calculation of molecular descriptors has found relevance is in profiling compound libraries 
or hits from a bioassay or high throughput screening (Goldstein, Gray & Zarrinkar 2008, 
Wawer et al. 2014, Wahlberg et al. 2012). The purpose of profiling compound libraries is to 
answer the following questions: (1) How diverse is a library or hit compounds? (2) How 
similar are hit compounds from a bioassay compared with marketed drugs? (3) How can 
the current hit list be expanded? (4) How should one select a sub-hit that structurally 
represents the whole hit compound collection?  Calculation of molecular descriptors for the 
compounds followed by statistical analysis provides a platform to answer these questions.  
2.3.4.2 Predictive ADMET: Limiting risk of failure of potential antimalarial drugs from 
nature 
The purpose of predicting absorption, distribution, metabolism, excretion and 
toxicity (ADMET), also referred to as DMPK (drug metabolism and pharmacokinetics), is to 
reduce the risk of attrition during drug development (Leeson, Springthorpe 2007, Hop et al. 
2008, Bowes et al. 2012, Tian et al. 2015). This allows identification of more-likely-to-
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succeed drug candidates as early as possible, thus avoid spending scarce resources on 
weak lead candidates. In 1993, 40 % of drugs failed in clinical trials because of 
pharmacokinetic (PK) and bioavailability problems (Kola, Landis 2004). Since then, 
methods for estimating the molecular properties that sometimes correlate with ADMET 
problems have also been a very active arena for chemoinformatics. By studying the 
isozymes of cytochrome P450 enzymes certain molecular signatures for metabolic stability 
can be discerned. In a similar way, properties such as lipohilicity, pKa, number of 
hydrogen-bond donors and acceptors, and so on, correlate with oral bioavailability. For 
any drug development effort, oral bioavailability is often a requirement to compete in the 
marketplace with drugs already available. In addition, early prediction of ADMET provides 
the data necessary for selecting promising hits and crucial information to medicinal 
chemists during the hit to lead optimization. Another area of application of 
chemoinformatics is lead identification and lead optimization. For example, after a series 
of compounds are tested for biological activity in a given assay, there is need to consider 
essential molecular properties related to the ADMET of the hits during hit to lead 
optimization. This will hopefully ensure that good ADMET properties and good activity are 
achieved while optimizing bioactivity of compounds. This approach is called a multi-
parametric optimization strategy (Baxter, Lockey 2001). 
Table 2.4 Overview of few of the software packages available to calculate molecular 
descriptors (Wikberg et al. 2010).  
Name Open source [Yes (Y) or No (N)] Year introduced 
Grid N 1985 
Molecular Operating Environment (MOE) N 1998 
CDK Y 2004 
Pentacle N 2010 
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2.3.4.3 Molecular Similarity 
Molecular similarity measures are sometimes referred to as molecular similarity 
coefficients or similarity indices (Bajorath 2004, Bajorath 2011, Sheridan, Kearsley 2002). 
Generally, similarity is subjective and relies upon comparative judgments. There is no 
absolute standard of similarity, rather “like beauty, it is in the eye of the beholder” (Bajorath 
2004, Bajorath 2011, Sheridan, Kearsley 2002). Therefore, it is difficult to develop methods 
for explicitly computing the similarities of large sets of molecules. (Bajorath 2004, Bajorath 
2011, Sheridan, Kearsley 2002). Assessing the validity of any similarity-based method 
remains subjective; numerous approaches have been developed over the years to 
address this difficult but important problem (Maldonado et al. 2006). One of the most 
widely used molecular similarity measure is the Tanimoto similarity coefficient (STan). 
Tanimoto similarity coefficient (STan) for objects A and B is given in set-theoretic language 
by Equation (2.1) below: 
!!"#(!,!) = |!∩!||!∪!|                 Equation 2.1 
By changing the form of the denominator: 
!!"#(!,!) = |!∩!|( !!! ! !!! !|!∩!|      Equation 2.2 
The equation can be simplified as: !!"#(!,!) = !(!!!!!)         Equation 2.3 
 Where: 
• a , Number of features in A but not in B 
• b, Number of features in B but not in A 
• c, Number of features common to A and B 
 
The Tanimoto similarity coefficient is symmetric: (A, B) = (B, A). The method is however 
biased when there is a great disparity in the size of the two molecules being compared. 
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Considering the case when |Q |<<|T |, where Q is a query molecule and T is a target 
molecule that could be obtained in a similarity search. If Q is much smaller than T, |Q U T | 
= |T|, and since |Q | < /= |Q∩T |, it follows that STan (Q, T) = |Q | = |T | (note that “small” and 
“large” are used here refer to the size of the set and not to the size of the corresponding 
molecule). A consequence of this relationship is that in similarity-based searching Q will 
tend to recover other small molecules, T, since as T gets larger STan becomes smaller in 
value, which works against the selection of larger molecules in the search. Most similarity 
measures for binary-valued feature vectors in use today are symmetric. Tversky (Tversky, 
Gati 1978) however, has defined a family of asymmetric measures: 
!!" = !∩!(! !!! !! !!! ! !∩! )      Equation 2.4 
Where α, β >/= 0.  
For symmetric similarity measures, α = 1and β = 1. For all other values of α,β STv is 
asymmetric (STv (A,B) is not = STv (B,A)).  
For example if α = 1and β = 0, set-theoretic forms are given by:  
!!" = !∩!(! !!! ! !∩! )       Equation 2.5 
If α = 0 and β = 1, set-theoretic forms are given by: 
 !!" = !∩!( !!! ! !∩! )       Equation 2.6 
 
Asymmetric similarity-based searching might provide some benefits not afforded by 
symmetric similarity-based searching. Concerning its usefulness, chemoinformatics has 
also adopted molecular similarity for assessment of molecular diversity and similarity of a 
compound library before bioassay or hit compounds from a bioassay. Molecular 
recognition is essential for the interaction of small molecules with macromolecules in 
biological systems. These interactions produce the effect observed from such small 
molecules. It is assumed that similar molecules are more likely to interact with a given 
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receptor site than molecules that differ dramatically in size, shape or electronic distribution 
(Varnek, Tropsha 2008). This has led to the desire to compare molecules computationally 
before bioassay in order to prioritize them and test only those molecules most likely to 
have the desired activity. For example, in a random-screening program, a compound that 
generates the desired biological effect may be found. One would like to examine the 
compound library (which may exceed 1,000,000 compounds in most pharmaceutical 
companies), using molecular diversity and similarity assessment methods, to select a 
manageable number (say 2000 compounds) that are similar to the ‘hit’ compound and are 
most likely to show the similar activity. Hence, the concept of diversity and similarity is an 
important focus of chemoinformatics.  
2.3.4.4 Chemical structure database search and retrieval 
The ability to search and retrieve chemical structures from chemical databases was 
made possible by converting chemical structure graphs to easily searchable notations. 
One of such notations is the structure linear notation that converts chemical structure 
connection tables to a string, a sequence of letters, using a set of rules. The earliest 
structure linear notation was the Wiswesser Line Notation (WLN) (Smith, Baker 1975, 
Maeda, Kondo 2013). Later, David Weininger (Weininger 1990) suggested a new linear 
notation designated as SMILES. Since SMILES is very close to the “natural language” 
used by organic chemists, SMILES is widely accepted and used in many chemical 
database systems. To successfully represent a structure, a linear notation should be 
canonicalized. That is, one structure should not correspond to more than one linear 
notation string, and conversely, one linear notation string should only be interpreted as one 
structure. Both WLN and canonical SMILESTM are able to solve structure search problems 
by string matches.  
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Pre-defined substructures, also called search keys, were adopted in Molecular 
Design Limited (MDL’s) ISIS structure database systems (Bruno et al. 2002). In MDL’s 
structure database systems (MACCS and ISIS), there are 166 search keys, and 960 
extended search keys (Xu, Wunsch 2005, Bender et al. 2009). The 166 search keys can 
be represented as a string that contains 166 letters. Later it was found to be much more 
efficient to use 166 bits instead of 166 letters since computers can carry out logic bit 
operations dramatically faster than string comparisons (Xu, Hagler 2002). On the other 
hand, one wonders how many search keys will suffice and what substructures need to be 
covered by these search keys. To address these issues systematically, substructure 
generation approaches that use bit-maps and fingerprints were introduced (Xu, Hagler 
2002). Hundreds of thousands of substructures can be generated by this approach. In 
order to reduce the storage cost and enhance the computation performance, bit-maps are 
used to hold the substructure information (Xu, Hagler 2002). The idea is that a bit position 
represents a specifically enumerated substructure (Figure 2.6). When a bit is set to one, it 
means the corresponding substructure is present and, zero means the substructure is 
absent (Xu, Hagler 2002). Such bit-maps are called fingerprints (Xu, Hagler 2002). There 
are many types of molecular fingerprints depending on what set of substructures are used. 
For example, Daylight uses fingerprints that represent the substructures generated from 
the Daylight Fingerprint (software) Toolkit (James, Weininger) and MDL fingerprints 
represent the substructures defined by the MACCS search keys (Xu, Hagler 2002).  
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Fingerprint approaches dramatically enhanced the performance of chemical 
structure database searching. The transition from linear notation strings to bit-maps was a 
profound development for chemoinformatics (Xu, Hagler 2002). Having bit-map 
technology, one can compute the similarity of two different size structures. Although two 
structures may have a different number of atoms and bonds, they can have the same 
number of fingerprints that are stored in the same size bit-maps (binary arrays). Since a 
bit-map profiles a structure, each component in the bit-map is termed as a structure 
descriptor. 
2.3.4.5 Data mining 
Data mining is the process of extracting trends or patterns from data to promote 
knowledge discovery (Fayyad, Piatetsky-Shapiro & Smyth 1996, Dong, Li 1999, Larose 
Figure 2.6 Hashed binary chemical fingerprint.  
The compound is first decomposed into constituent elements and substructures. A 
given number of bits in the bit stream are then set for each element and/or substructure. 
When a bit is set to one, it means the corresponding substructure is present and, zero 
means the substructure is absent.  It is possible that the same bit is set by multiple 
patterns. This phenomenon is called bit collision. A few bit collisions in the fingerprint 
are tolerable, but too many may result in losing information in the fingerprint.  
Source: (https://www.surechembl.org/knowledgebase/84207-tanimoto-coefficient-and-
fingerprint-generation October 2015)  
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2014, Koh, Tan 2011). The data mining process takes the raw, experimental results and 
transforms it into useful and understandable information. Data mining should include the 
following stages: 
1. Exploratory Data Analysis. The purpose of this stage is to derive features 
(descriptors), to select relevant features (bioactivities related descriptors), and to 
systematically identify the relationship among the features. 
2. Pattern Discovery. This stage uses various multivariable classification technologies 
(clustering), linear or non-linear regression technologies, expert system approaches 
and machine learning technologies to discover the patterns, which can explain the 
data in detail. 
3. Pattern Explanation. De-convolution or data visualization technologies are required 
to translate the abstract pattern such as neural network patterns into useful 
visualizations so that chemists can take chemical actions. 
Data mining is a vital process used in chemoinformatics to assist in the discovery of novel 
bioactive molecules. Two of such data mining processes i.e. clustering and predictive 
models are discussed below.  
2.3.4.5.1 Clustering 
A general question in many bioassays that include a high number of compounds is 
how to organize the observed data into meaningful structures, that is, how to develop 
taxonomies. The term cluster analysis (CA), first used by Tryon in 1939, encompasses a 
number of different classification algorithms (Tryon 1939) used to achieve this taxonomies. 
The chemoinformatics approach used by CA addresses this problem. Conceptually, CA 
can well be described by the saying “birds of a feather flock together”. During CA, similar 
compounds tend to form clusters. However, the parameters used to assess similarity may 
be diverse (e.g. molecular descriptors, structural fingerprints, etc.). Since its initial 
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introduction, many CA algorithms have been invented (Jain, Murty & Flynn 1999, Xu, 
Wunsch 2005, Aggarwal, Reddy 2013, Verma et al. 2012, Popat, Emmanuel 2014). They 
belong to two categories: hierarchical clustering  (Jain, Murty & Flynn 1999, Murtagh, 
Contreras 2012, Verma et al. 2012, Popat, Emmanuel 2014) and partition (non-
hierarchical) clustering (Diday 1974, Halkidi, Batistakis & Vazirgiannis 2002, Popat, 
Emmanuel 2014). Hierarchical clustering rearranges objects in a tree-structure while 
partition clustering e.g. Javis-Patrick (Jarvis, Patrick 1973) uses nearest neighbour cluster 
algorithm (Figure 2.7). The latter is commonly used to cluster chemical structures (Downs, 
Barnard 2002, Zhang et al. 2014b, Backman, Girke 2014). 
 
Figure 2.7 Typical Hierarchical clustering tree (X) and Partition clustering (nearest 
neighbour) (Y). In hierarchical cluster tree, objects that stems from the same 
branch  (e.g. A, B and C) are more similar than objects on different branch (e.g. A 
and D). In Partition clustering, objects that are closest to one another in space are 
most similar. 
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2.3.4.5.2 Predictive Models via Machine-Learning  
Predictive models or Quantitative structure Activity relationship (QSAR) models may 
be defined as an application of mathematical and statistical methods to the problem of 
finding an empirical relationship of the form: 
!! = !(!!,!!,… .!!)      Equation (2.7) 
 
Where Pi is biological activities (or other properties of interest) of molecules, D1, D2, …Dn 
are calculated structural properties (molecular descriptors) of the molecules, and k is some 
empirically established mathematical transformation that should be applied to descriptors 
to calculate the property values for all the molecules (Tropsha 2010). The relationship 
between the descriptor D and the target property P can be linear or non-linear. An example 
of the linear relationship is multiple linear regressions (common to Hansch QSAR 
approach) and an example of the non-linear relationship is the nearest neighbour QSAR 
methods (Mannhold et al. 2008). Modern QSAR approaches are amenable to deal with 
multiple descriptors data using a combination of linear and non-linear optimization 
approaches to build a robust predictive model. A computer algorithm usually does the 
optimization and this has led to the use of the term machine learning to describe the 
process of building predictive or QSAR models.  
 Many machine-learning approaches have been described and applied in 
chemoinformatics during the past decades (Lavecchia 2015, Mitchell 2014). The major 
difference between the various approaches are due to the structural parameter used to 
characterize the molecule and the mathematical approaches or algorithm used to establish 
the correlation between the molecular descriptors and the target property. Examples 
include partial least square regression, artificial neural network, classification and 
regression trees, random forest, support vector machine and other methods that have 
become routine in machine learning (Lavecchia 2015, Mitchell 2014). 
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2.3.4.6 Virtual library enumeration  
Considering total lead-like molecular space, the total percentage of compounds that 
current technologies have made and screened, is still small. This has made way for the 
birth of in-silico or virtual screening (VS) technology (Schneider 2010, Walters, Stahl & 
Murcko 1998) . The compounds to be virtually screened are not limited to those that exist 
within the corporate inventory. A virtual compound library can be generated using a 
computational approach. The criteria for generating a general (not focused) virtual 
compound library include: (1) diversity, (2) Absorption, Distribution, Metabolism, Excretion 
and Toxicity (ADMET) properties, and (3) synthetic feasibility. There are a number of ways 
to generate a diverse virtual compound library however, it is challenging to make a virtual 
library that meets the criteria set forth above in (2) and (3). Although work on this aspect 
has been reported more investigation is required  (Darvas, Dormán & Papp 2000). In order 
to reduce drug discovery costs, one needs to remove undesired compounds as early as 
possible. Filtering after virtual screening is actually one of the computational tools used to 
sieve out unwanted compounds from physical libraries or in-silico compound libraries. 
Filters have been built based upon oral bioavailability, aqueous solubility, metabolic 
clearance and chemically reactivity or toxic chemical groups (Leach, Hann 2000, Oprea 
2002, Japertas et al. 2012). A virtual screening method for identification of “frequent 
hitters” or promiscuous compounds (compounds that are almost always identified as hits 
in different bioassays) in compound libraries has also been reported (Rishton 2003, 
Seidler et al. 2003). 
2.4 Conclusions  
In conclusion, in spite of the huge contributions that chemoinformatics have made 
and can make to drug design, this relatively new field may encounter issues in the process 
of drug discover/design. One of the challenges to chemoinformatics in drug discovery is 
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being able to effectively and efficiently extract knowledge from a big dataset e.g. large-
scale raw high-throughput screen data (Afendi et al. 2013, Baumann et al. 2015, Fourches 
2014). Therefore, data mining algorithms used in chemoinformatics are constantly being 
improved to handle chemical information from big datasets.  In addition, chemoinformatics 
should be able to provide efficient in-silico tools to predict ADMET properties of diverse 
chemical structures (Baykoucheva 2010, Wilson 2002). Another challenge faced by this 
new field is to establish clear relationships between structural patterns and activities or 
properties (i.e. predictive models). This is in view of the complexity of the biological system 
that keeps throwing inexplicable “spanners into the wheel” of predictive models. Despite 
these challenges, chemoinformatics approaches have had huge impact on drug discovery 
and may be relevant in the quest to identify novel potential antimalarial drug candidates 
from natural products that have shown in-vitro antiplasmodial activities (Brown 1998, 
Melagraki, Afantitis 2015, Xu, Hagler 2002).   
2.5 Aims and Objectives of this Study 
Considering the dire need for novel antimalarial drug candidates, the potential of 
natural products to be the source of new chemotypes against malaria and the worth of the 
various aspects of chemoinformatics in drug discovery outlined in this review, this study 
pursued the following aims and objectives:  
2.5.1 Aim 
To apply chemoinformatics strategies to natural products with in-vitro antiplasmodial 
activities in order to identify and design novel potential antimalarial drug candidates.   
2.5.2 Objectives 
1. Chemoinformatics profiling of selected natural products with antiplasmodial 
activities and currently approved antimalarial drugs. 
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2. Exploration of scaffolds from natural products with antiplasmodial activities, 
currently registered antimalarial drugs and public malarial screen data. 
3. Machine learning from natural products with antimalarial activity and public malarial 
screen data. 
4. Designed of virtual compound libraries based on active natural products with  
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Chapter Three 
Prioritization of antimalarial hits from nature: Chemoinformatics profiling of natural 
products with in-vitro antiplasmodial activities and currently registered antimalarial 
drugs. 
3.1 Abstract 
A large number of natural products have shown in-vitro antiplasmodial activities. 
Early identification and prioritization of these natural products with potential for novel 
mechanism of action, desirable pharmacokinetics and likelihood for development into 
drugs is advantageous. We conducted chemoinformatics profiling of these natural 
products and compared these to currently registered antimalarial drugs.  
Natural products with in-vitro antiplasmodial activities were compiled from various 
sources. These natural products were subdivided into four groups based on inhibitory 
concentration (IC50). Key molecular descriptors and physicochemical properties were 
computed for these compounds and analysis of variance used to assess statistical 
significant difference amongst the sets of compounds. Molecular similarity analysis, 
estimation of drug-likeness, in-silico pharmacokinetic profiling and exploration of structure-
activity landscape were also carried out on these sets of compounds.   
A total of 1040 natural products were selected and a total of 13 molecular 
descriptors were analyzed. Significant differences were observed among the subgroups of 
natural products with in-vitro antiplasmodial activities and currently registered antimalarial 
drugs for at least 11 of the molecular descriptors including number of hydrogen bond 
donors and acceptors, molecular weight, polar and hydrophobic surface areas, chiral 
centres, oxygen and nitrogen atoms and shape index. The remainder molecular 
descriptors including clogP, number of rotatable bonds and number of aromatic rings did 
not show any significant difference when comparing the two compound sets. Molecular 
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similarity and chemical space analysis identified natural products that were structurally 
diverse from currently registered antimalarial drugs. Prediction of the pharmacokinetic 
properties and drug-likeness of these natural products identified over 50% with desirable 
drug-like properties. However, nearly 70% of all natural products were identified as 
potentially promiscuous compounds. Structure-activity landscape analysis highlighted 
compound pairs that form “activity cliffs”.  In all, prioritization strategies for the natural 
products with in-vitro antiplasmodial activities were proposed.  
Chemoinformatics profiling of natural products with in-vitro antiplasmodial activities 
and currently registered antimalarial drugs have produced a wealth of information that may 
guide decisions and facilitate antimalarial drug development from natural products.  
Articulation of the information provided within an interactive data-mining environment led 
to a prioritized list of natural products with in-vitro antiplasmodial activities.  
3.2 Background 
 Malaria is a major health burden in several developing countries and imposes a 
huge strain on health systems, particularly in Africa where over 50% of the malaria deaths 
occur amongst children under the age of five and pregnant women (World Health 
Organization (WHO) 2011). The emergence of drug-resistant Plasmodium falciparum 
strains, a major causative organism of malaria, has led to increasing numbers of fatal 
cases (World Health Organization (WHO) 2011). Consequently there is an urgent need to 
discover or design new antimalarial drugs with mechanism of actions that will circumvent 
the current resistance profile of Plasmodium falciparum. Arguably, natural products from 
plants (phytochemicals) have been the most consistent and successful source and 
template of antimalarial drugs (Wells 2011). Starting from Quinine (from the bark of 
Cinchona) (Phillipson 2001)  to Artemisinin (from Artemisia annua) natural plant products 
have provided an invaluable armament against malaria infection (ElSohly, Croom & 
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ElSohly 1987). More promising is the fact that the literature revealed an increasing number 
of natural products, from ethnomedicine in malaria endemic regions, with good in-vitro 
and/or in-vivo antiplasmodial activities (Batista, De Jesus Silva Júnior, Ademir & De 
Oliveira 2009, Frederich, Tits & Angenot 2008, Kaur et al. 2009, Nogueira, Lopes 2011) . 
Yet, many of these natural products have not made it into or made much progress down 
the antimalarial drug development pipeline (Harvey 2000, Butler, Fontaine & Cooper 
2014). Therefore there is a dire need to begin the process of identifying natural products 
with potential for antimalarial drug discovery.  
 Perhaps a pertinent question to ask in light of the high cost, long duration and high 
failure rate of drug discovery (Bains 2004, Adams, Brantner 2006, Barrenho, Smith & 
Miraldo 2013, Herper 2013) is: Can we prioritize natural products with in-vitro 
antiplasmodial activities that are most likely to be successfully developed into antimalarial 
drug candidates? One approach that may help prioritize such natural products is 
chemoinformatics profiling. Chemoinformatics integrates chemical information with 
biological information (Mannhold et al. 2006) and translate such information into 
knowledge that could be used to assist decision-making in the area of compound 
prioritization, selection, optimization and ultimately clinical development (Jacoby et al. 
2004).  Hence chemoinformatics profiling of natural products with antiplasmodial activities, 
hereafter referred to as NAA, may allow researchers to prioritize and select NAA for the 
next stage of antimalarial drug development. Conceivably, what may be more informative 
is to carry out such profiling with reference to currently registered antimalarial drugs. 
Currently registered antimalarial drugs (CRAD), which have successfully passed through 
all the drug development hurdles, have molecular descriptors and physicochemical 
properties to which these NAA need to conform or, more interestingly, deviate.   
 Therefore, chemoinformatics profiling of NAA and CRAD was conducted. Specific 
approaches used include comparison of key molecular descriptors and physicochemical 
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properties of NAA and CRAD, molecular similarity/diversity analysis, exploration of 
structure-activity landscape, estimation of drug-likeness, bioavailability and toxicity profile.  
To our knowledge, there has not been a report of profiling of natural products that have 
shown in-vitro antiplasmodial activities in comparison with currently registered antimalarial 
drugs. The results from our analysis may provide insight into the important molecular 
features that define the reported in-vitro antiplasmodial activities, potential for good 
bioavailability (which is essential for in-vivo assay), toxicity liabilities and structural-activity 
relationships that may prioritize promising NAA. Such knowledge may expedite the 
progress of NAA down the antimalarial drug development pipeline.  
3.3 Method 
3.3.1 Data collection and preparation of dataset  
The trivial name, source, chemical class and antiplasmodial activity (IC50) of natural 
products with in-vitro antiplasmodial activities (NAA) were retrieved from published articles  
(Batista, De Jesus Silva Júnior, Ademir & De Oliveira 2009, Frederich, Tits & Angenot 
2008b, Kaur et al. 2009, Nogueira, Lopes 2011), MSc and PhD theses, textbook chapters, 
Collaborative Drug Discovery (CDD) database (Hohman et al. 2009), ChEMBL and 
PubChem (Supplementary Information 3.1 on DVD attached to this thesis). A total of 1040 
NAA were selected based on availability of chemical structure and bioactivity data (IC50) 
(Supplementary Information 3.2 on DVD attached to this thesis). Since the bioactivity data 
was obtained from multiple sources with different antimalarial bioassays and to reduce 
variability in the bioassays used to generate the IC50, the IC50 was normalized by 
calculating the logarithm of the IC50 to obtain pIC50. The selected NAA were subdivided 
into four categories based on a normalized IC50 (pIC50): Highly active (HA) with IC50 less 
than 1 µM (pIC50 > 0), active (A) with IC50 equal or greater than 1 µM but less than 5 µM 
(pIC50 ≤ 0 > - 0.7), moderately active (MA) with IC50 equal or greater than 5 µM but less 
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than 10 µM (pIC50 ≤ - 0.7 but > - 1) and Low active (N) with IC50 equal or greater than 10 
µM (pIC50 ≤ - 1). The chemical structures of these NAA were downloaded from PubChem 
and ChEMBL databases in two-dimensional (2D) SDF format. The NAA that were not 
found in public chemical databases were drawn with GchemPaint chemical structure editor 
for Linux and exported in molfile format. All chemical structures were combined and 
duplicates removed according to InChIKey generated by Open Babel (OLBoyle et al. 
2011). Currently registered antimalarial drugs (CRAD) were retrieved from ChEMBL 
(Name and smiles format). Three dimensional (3D) structures were generated for all the 
compounds from either two dimensional (2D) SDF, smiles or molfile formats (using builder 
module), corrected and minimized (using MMFF94 force field) with Molecular Operating 
Environment (MOE) software (Chemical Computing Group Inc., 2015). 
3.3.2 Calculation of Molecular Descriptors and Physicochemical Properties 
 The QuSAR module of the MOE package  (Chemical Computing Group Inc., 2015)  
was employed to calculate structure-related 2D molecular descriptors. Other 
physicochemical properties (e.g. Ligand efficiency, number chemical functional groups) 
were computed with ICM Chemist Pro (v3.7) from Molsoft, Inc. and DataWarrior (Sander et 
al. 2015) running on a Linux platform on a Dell Vostro 2520 computer. Boxplots of the 
molecular descriptors and physicochemical properties were plotted for NAA (HA, A, MA 
and N) and CRAD using DataWarrior. The mean of the molecular descriptors and 
physicochemical properties for NAA (HA, A, MA and N) and CRAD were compared and 
statistical differences assessed with analysis of variance (ANOVA) (significance set at p < 
0.05). Furthermore, the association between the in-vitro antiplasmodial activities (pIC50) of 
NAA and the molecular descriptors and physicochemical properties were assessed using 
Spearman rank correlation coefficient (r). Correlation was regarded as low or small if the 
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correlation coefficient is below 0.5 and high or significant if correlation coefficient is and 
above 0.5.  
3.3.3 Molecular similarity/diversity analysis 
3.3.3.1 Most common substructure (MoSSMCSS) 
 The KNIME (Konstanz Information Miner) workflow (Berthold et al. 2009), shown in 
Figure 3.1, was used to compute and visualize the molecular similarity, based on most 
common substructure (MoSSMCSS)  (Borgelt, Meinl & Berthold 2005) , amongst the NAA 
and between NAA and CRAD. Molecular similarity within the dataset was visualized with a 
heat map.   
3.3.3.2 Chemical Space Analysis (ChemGPS-NP) 
 The co-ordinates of chemical space occupied by NAA relative to those occupied by 
CRAD were explored with ChemGPS-NP (Larsson et al. 2007). A text file containing the 
smiles and identifier for the compounds in our dataset was submitted to the ChemGPS-NP 
web service. The result, with four principal components added for each compound, was 
downloaded as a text file. The text file was then opened in DataWarrior and the four 
principal components plotted on a three-dimensional (3D) scatter plot (markers were sized 
relative to one of the principal components).  
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3.3.4 Analysis of structure-activity landscape (Identifying activity cliffs) 
 In recent time, structure-activity landscape analysis has been used to visualize the 
relationship between molecular structure and bioactivities, especially in large activity 
screening data sets (Bajorath et al. 2009). The structure-activity landscape analysis was 
conducted on NAA using DataWarrior (Sander et al. 2015). From the “Similarity/Activity 
Cliff Analysis” menu in DataWarrior, the “SkelSpheres” descriptors were used as similarity 
criteria for arranging molecules on a two dimensional self-organizing maps (SOM). 
SkelSpheres descriptors encodes circular spheres of atoms and bonds into a hashed 
binary fingerprint of 512 bits and also considers stereochemistry, counts duplicate 
fragments and encodes hetero-atoms. The activity column containing the numeric value of 
IC50 of the NAA was selected to calculate the Structure–Activity Landscape Index (SALI). 
For any couple of molecules the SALI value reflects how much activity is gained with a 
small modification of the chemical structure. The hit status i.e. NAA subgroup (A, HA, MA 
and N) was chosen as the Identifier column.  Similarity limit was set at 0.8 (Tanimoto 
coefficient). Visualizations based on similarity relationships were created (markers were 
Figure 3.1 KNIME workflow to assess molecular similarity amongst the compound 
sets. A file containing Smiles of the molecules was parsed into the File Reader. The 
Molecule Type Cast node was used to convert Smiles in the file into molecule. The 
MoSS MCSS node was used for pairwise comparison of all molecules. The Similarity 
Viewer generates heat maps. The pairwise comparison was converted to a distance 
matrix and written as an Excel file with the XLS Writer.  
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coloured by activity). A new document, which contains two neighbour molecules, molecule 
identifiers, similarity, activities, and SALI values, was then created. 
3.3.5 Prediction of pharmacokinetic properties and drug-likeness of NAA and CRAD 
 Four models were used to characterize the bioavailability profile of NAA and CRAD 
namely: Lipinski’s rule of five (Lipinski 2004), Egan Egg  (Egan, Merz & Baldwin 2000), 
Golden triangle (Johnson, Dress & Edwards 2009)  and a model proposed by Veber et al. 
(Veber et al. 2002). For the Lipinski’s rule of five, a three dimensional plot was constructed 
in DataWarrior for NAA and CRAD using the number of hydrogen bond donors (HBD) and 
acceptors (HAD), calculated logarithm of partition coefficient (clogP) and molecular weight 
(MW). Markers on the plot were sized by molecular weight. The filters for the descriptors 
(in Lipinski’s rule of five) were then adjusted within the DataWarrrior to the cut-off 
proposed by the Lipinski’s model (HBD < 5, HBA < 10, clogP < 5 and MW < 500). The 
proportion of NAA and CRAD that fell within these limits were retained.   
 ICM Chemist Pro (v3.7) from Molsoft, Inc. was used to spot compounds with 
potential for good, borderline and poor absorption based on the Egan Egg model  (Egan, 
Merz & Baldwin 2000). A plot of the clogP versus polar surface area (PSA) was also 
generated, using DataWarrior, to interactively visualize the proportion of the compounds in 
each subgroup of NAA and CRAD that fall within the Egan Egg (PSA < 131.6 Å2, clogP < 
5.88).  
 Johnson et al. (Johnson, Dress & Edwards 2009)  proposed a golden triangle, with 
a base between -2 and 5 for logD (pH 7.4) and peak at 500 Daltons, which enclose 
compounds with potential for good absorption and low clearance. This golden triangle was 
superimposed on a plot of logD (pH 7.4) versus molecular weight for the subgroups of 
NAA and CRAD. Compounds enclosed within the golden triangles were enumerated and 
recorded for each subgroup of NAA and CRAD.  
 
 
 
 
	 49	
 For the model proposed by Veber et al. (Veber et al. 2002), a plot of polar surface 
area against number of rotatable bonds for the subgroups of NAA and CRAD were plotted 
in DataWarrior.  The DataWarrior filters were then set to the cut-off proposed by the model 
(polar surface area (140 Å2) and number of rotatable bonds (10)). The proportion of 
compounds, in subgroups of NAA and CRAD, within the area bounded by this cut-off were 
then tallied and noted.   
 The toxicity risk of NAA and CRAD was assessed with DataWarrior (Sander et al. 
2015). The “Add Compound Properties…” tab was selected under the chemistry menu and 
four major toxicity classes (Mutagenic, Tumourigenic, Irritant and Nasty functions 
(Reactive functions)) were selected in the resultant dialogue box. The result was 
presented as a table with each compound tag with none, low and high risk for mutagenic, 
tumorigenic and irritant toxicity class. Nasty or reactive chemical functions identified by the 
DataWarrior from each compound were also inserted into the table of results. The results 
was tallied and summarised as pie chart.   
 Fragment based drug-likeness and quantitative estimate of drug-likeness (QED) 
were calculated with DataWarrior and ICM Chemist Pro (v3.7) respectively.  
3.3.6 Identification of frequent hitters (Promiscuous compounds) 
	 MedChem rules (Bruns, Watson 2012) a set of 275 rules was also used to identify 
compounds that may interfere with bioassays to produce ostensible activity (false 
positives) (Baell and Holloway 2010). We used ICM Chemist Pro (v3.7) from Molsoft, Inc. 
(www.molsoft.com) to flag such compounds.  
3.4 Results and Discussions 
 In this study, our approach to prioritizing the selected 1040 published natural 
products with in-vitro antiplasmodial activities (NAA) included calculation of molecular 
descriptors, calculation of ligand efficiency metrics, assessment of structural similarity, 
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overview of structural-activity landscape, pharmacokinetic profiling, toxicity profiling and 
identification of frequent hitters. All these were done in relation to currently registered 
antimalarial drugs (CRAD). 
3.4.1 Description of dataset 
 Here we present a description of the dataset used in this study. A total of 1040 
natural products with in-vitro antiplasmodial activities (NAA) and 27 currently registered 
antimalarial drugs (CRAD) were included in the dataset. With regards to in-vitro 
antiplasmodial bioactivity (IC50) described earlier in the method section, natural products 
with in-vitro antiplasmodial activities (NAA) consist of 21% highly active (HA) compounds, 
28% active (A) compounds, 20% moderately active (MA) and 31% Low active (N) 
compounds. Concerning chemical class, reported for each compound in the literature, we 
observed a trend between the prevalence of chemical class and bioactivity of NAA. The 
three most prevalent chemical class of compounds for each bioactivity category of NAA 
were: Alkaloids (40%), Diterpenes (9%) and Flavonoids (9%) for HA; Alkaloids (34%), 
Terpenes (14%) and Flavonoids (13.5%) for A; Flavonoids (27%), Triterpenes (19%) and 
Alkaloids (15%) for MA; Triterpenes (30%), Alkaloids (25%), and Flavonoids (19%) for N. 
The proportion of alkaloid compounds in NAA seems to decrease as the antiplasmodial 
potency decreases (i.e. most prevalent in highly active bioactivity category). In contrast, 
percentage of flavonoids and the terpenoids (terpenes, diterpenes and triterpenes) appear 
to increase as the antiplasmodial activity decreases. This suggests that alkaloids may be 
an important chemical class for antiplasmodial activity. 
3.4.2 Molecular descriptors and physicochemical properties of NAA and CRAD 
 In this section, the distribution and summary statistics of selected molecular 
descriptors and physicochemical properties of natural products with antiplasmodial 
activities (NAA) and currently registered antimalarial drugs (CRAD) were determined and 
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assessed as a contribution towards the prioritization of NAA. Detailed results are provided 
in Table 3.1 and a typical boxplot is shown for number of hydrogen bond acceptors, 
number of hydrogen bond donors, total molecular weight and cLogP. 
3.4.2.1 Number of hydrogen bond acceptors and donors   
 Hydrogen bond acceptors (HBA) and hydrogen bond donors (HBD) are essential to 
mediate interactions between compounds and biochemical macromolecules. They are 
also determinants of oral absorption of compounds (Lipinski 2004). Our results (Figure 3.2, 
panel A) showed that the average number of hydrogen bond acceptors (HBA) was similar 
for the A, HA and MA subgroups of NAAs (median = 6). However, HBA was significantly 
lower in CRAD (median, 4) and low active subgroup of NAA (N) (median = 5) (p < 0.05) in 
comparison to the other subgroups of NAA. In all cases the numbers of hydrogen bond 
donors (HBD) (Figure 3.2, panel B) were lower than the hydrogen bond acceptors (HBA). 
The HBD was significantly higher in the HA and MA than CRAD (p < 0.05). This 
observation aligned with other studies that report predominance of HBA and HBD in 
natural products over synthetic compounds (Singh, Culberson 2010, Lachance et al. 2012, 
Vasilevich et al. 2012). The preponderance of strongly electronegative atoms (especially 
oxygen) in NAA may be responsible for the higher numbers of hydrogen bond donors and 
acceptors (Grabowski, Schneider 2007, Singh, Culberson 2010, Lachance et al. 2012, 
Vasilevich et al. 2012). In addition, there was very small negative correlation between the 
number of hydrogen bond acceptors (r = - 0.20) and donors (r = - 0.10) and antiplasmodial 
activities (IC50) of NAA. This suggests the need for HBD and HBA for bioactivities. In 
conclusion, our results showed that the number of hydrogen bond acceptors and donors 
was higher in the NAA compared to CRAD and showed slight association with in-vitro 
antiplasmodial activities.  
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3.4.2.2 Total molecular weight (TMW) 
	 A low molecular weight (less than 500 Daltons) is usually favoured because of its 
impact on oral absorption of compounds (Lipinski 2004). However some natural products 
with molecular weight > 500 Daltons have been absorbed via the biological membrane 
(Tan 2004). From our results, the average computed total molecular weight (TMW) was 
similar for HA (462.47), A (430.93) and MA (447.26) but significantly different (p value < 
0.05) from N and CRAD (Figure 3.2, panel C).  This result attests to the greater structural 
complexity of NAA over CRAD. A slight negative correlation (r = - 0.303) was observed 
between total molecular weight (TMW) and antiplasmodial activities of the NAA (i.e. most 
active (HA) showed the highest TMW). Though it has been demonstrated that the median 
molecular weight of oral drugs has increased substantially over the past years with about 
2% having molecular weight > 500 Daltons (Wermuth 2011), a TMW below 500 may be 
desirable for hit compounds that are yet to be optimized into lead compounds.   
3.4.2.3 Calculated logarithm of partition coefficient (clogP) 
 The clogP of a compound is a vital consideration for oral absorption (Lipinski 2004) 
and it also influences binding to biological targets (Gleeson et al. 2011). From our results 
(Figure 3.2, panel D), there was no significant difference in the clogP of CRAD and NAA 
(HA, A, MA and N). Given that the average clogP value observed for all the CRAD and up 
to 70% of NAA were lower than five, as prescribed by Lipinski’s rule of five (Lipinski 2004), 
it is expected that these NAA may show good oral absorption profile comparable to the 
CRAD. However Lipinski's “rule of 5” has been reported to have exceptions predominantly 
in natural products (Lipinski 2002, Lipinski 2004). It is therefore expected that NAA with 
clogP > 5 may also have suitable oral absorption.   
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 In addition, clogP have been reported to be predictive of bioactivity (Gleeson et al. 
2011). Yet, correlation between clogP and the activity profiles of the NAA was negligible (r 
= - 0.05). The inability of clogP to discriminate among the activity subgroups of NAA 
highlights the contributions of other molecular properties to the observed antiplasmodial 
activity among the NAA. In view of prospect for development into drug candidates, studies 
have shown that the clogP of molecules that make it all the way to commercialization has 
remained in the same range (2.6) for a number of years (Leeson, St-Gallay 2011, 
Proudfoot 2005) and that optimal range for clogP between 1 and 3 is vital for desirable 
physicochemical properties (Arnott, Planey 2012). From our results we observe that 
though the average clogP of the NAA was similar to CRAD, it was however higher than 2.6 
Figure 3.2 Boxplots showing distribution and summary statistics of key 
molecular descriptors for compound sets. Panel A, B, C and D represents the 
number of hydrogen bond acceptors, number of hydrogen bond donors, total molecular 
weight and cLogP respectively for CRAD and subgroups of NAA (highly active (HA), 
active (A), moderately active (MA) and low active (N)). The red and black lines 
represent the mean and median respectively for each distribution. Significant 
difference (p < 0.05) between CRAD and subgroups of NAA are highlighted by black 
asterisk. 
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reported for most other commercialized drugs (Leeson, St-Gallay 2011, Proudfoot 2005). 
Given that the logP of hits and leads increases as they move down the drug development 
pipeline (Leeson, St-Gallay 2011) and that high logP (> 5) come with some liabilities, e.g. 
receptor promiscuity (Azzaoui et al. 2007, Bender et al. 2007), poor metabolic clearance 
(Arnott, Planey 2012) and toxicity (Hughes et al. 2008, Greene et al. 2010), it is desirable 
to select NAA with minimal clogP values to ensure that eventual antimalarial leads and 
drug candidates have clogP less than four (Gleeson 2008) or less than five (Lipinski 
2004). 
3.4.2.4 Number of rotatable bonds (NRB) 
 Minimal number of rotatable bonds is desired for a NAA that may be prioritized and 
selected for development. The results (Table 3.1) showed no significant difference (p > 
0.05) in the average number of rotatable bonds (NRB) between CRAD and the NAA. 
Though the NRB of HA (median, 3) was lower than that detected for A (median, 4) and MA 
(median, 4), however no significant correlation was observed between NRB and bioactivity 
of the NAA (r = 0.03). NRB and polar surface area have been reported as determinants of 
oral absorption in a rat model (Veber et al. 2002) and specifically, compounds which meet 
the criterion of 10 or fewer NRB are predicted to have good oral bioavailability (Veber et al. 
2002). Glaxo SmithKline (GSK) also came up with the rule of seven rotatable bonds: “Less 
than seven rotatable bonds are essential for good bioavailablity” (Leach et al. 2006). 
Based on Veber et al. criteria (Veber et al. 2002), the results revealed that 92% of HA had 
less than 10 NRB, which is similar to 96.2% observed in CRAD. Using the GSK criterion, a 
higher percentage of HA (81.27%) had less than seven NRB in comparison to CRAD 
(70.3%). This result attests to the potential of NAA to have good oral absorption.  
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3.4.2.5 Total Polar surface Area (TPSA) 
  Total Polar surface Area (TPSA) has also been implicated as a predictor for gastro 
intestinal tract (GIT) penetration by many investigators (Feng 2002, Veber et al. 2002), 
hence may be a key factor to consider during prioritization of NAA for lead development. 
The TPSA of CRAD was significantly lower (p < 0.05) than the TPSA of the subgroups of 
NAA (Table 3.1). Amongst the latter, the highest TPSA was observed in MA followed by the 
HA, A and N groups. There was no significant correlation between TPSA and the activity of 
the NAA (r = 0.13). According to Veber et al. (Veber et al. 2002a), the upper limit for TPSA 
for a molecule to penetrate the GIT is around 140 Å2. 
 From our results we observed that 100% of CRAD, up to 75% of the HA and over 
75% of A compounds fell below this cut-off. This implies that most of the active NAA are 
expected to have good oral absorption; particularly relevant during the next stage of in-
vivo antimalarial assessment. The high number of polar groups (hydroxyl and carbonyl 
groups) may be responsible for the high TPSA observed in some of the NAA.  
In addition, TPSA may also determine the extent of plasma protein binding 
(Ghafourian, Amin 2013). Albumin is involved in binding of mainly polar compounds 
(Colmenarejo 2003); hence high TPSA resulting from ionization of polar groups (e.g. acidic 
groups) may increase plasma protein binding. The higher a compound is bound to plasma 
protein the lower the proportion of the compound free for therapeutic effect. Hence, it is 
likely that some NAA that have good activity in in-vitro assays may show poor activity in in-
vivo assays due to high plasma protein binding resulting from high TPSA. Optimization 
strategies that are geared towards reduction of TPSA (e.g. methylation of hydroxyl groups) 
may improve the oral absorption, reduce plasma protein binding and consequently 
improve bioactivity in-vivo.  
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3.4.2.6 Van der Waals hydrophobic surface areas of hydrophobic atoms (vsa_hyd) 
 The Van der Waals hydrophobic surface area of hydrophobic atoms (vsa_hyd) 
measures the level of hydrophobicity of compounds. The vsa_hyd of HA and MA of NAA 
were significantly higher (p < 0.05) than that of CRAD (Table 3.1). The vsa_hyd of N was 
lower than the vsa_hyd of CRAD (Table 3.1). The vsa_hyd of the active NAA (A, HA and 
MA) were significantly (p< 0.05) higher than the low active NAA (N) suggesting that 
hydrophobicity may be vital for bioactivity. This observation was corroborated by the slight 
negative correlation (r = - 0.231) seen between vsa_hyd and IC50 of NAA. 
 Hydrophobicity determines many biological processes, such as transport, 
distribution, metabolism and molecular interactions of biological molecules. It is reported 
that the binding affinity and drug efficacy can be optimized and increased by incorporating 
hydrophobic groups (DiMagno, Sun 2006, Qian et al. 2009). It is estimated that addition of 
a methyl group will lead to a 3.5 fold increase in binding constant  (Bissantz, Kuhn & Stahl 
2010) . Therefore moderately active NAA (MA) may be optimized as described above to 
improve bioactivity. Notably, improved hydrophobic interactions may also increase 
incidence of side effects and toxicity (Lipton 2004). With regards to absorption of bioactive 
compounds via biological membrane, hydrophobicity is also a key factor in various 
absorption models e.g. Lipinski's “rule of five” (Lipinski 2004). Poor absorption or 
permeation is more likely for compounds with low hydrophobicity hence the NAA that 
possess a higher vsa_hyd (hydrophobicity) than CRAD may be expected to show good 
absorption and permeation.  
  Overall, this brings to fore the pivotal role of hydrophobicity in achieving 
delicate balance of desirable activity, low toxicity and good absorption. Optimization of 
hydrophobicity of NAA towards a reference point, as observed for CRAD and as reported 
for marketed drugs, may be desirable to ensure successful development of these 
compounds.  
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3.4.2.7 Number of chiral centres  
 Chiral centres (asymmetric) are tetrahedral atoms (usually carbons) that have four 
different substituents (Sheldon 1993). Compounds that have chiral centres are optically 
active and rotate the plane of polarized light to the left (levorotatory) or to the right 
(dextrorotatory) (Sheldon 1993). Such optically active pairs are referred to as enantiomers 
(Sheldon 1993).  
 Our results (Table 3.1) showed that the average number of chiral centres for HA 
and MA were higher (p < 0.05) than CRAD. Among the NAA, the average number of chiral 
centres showed slight negative correlation (r = - 0.2) with antiplasmodial activity (IC50); HA 
had the highest average number of chiral centres and N had the least. This result 
suggests that a high number of chiral centres may be essential for antiplasmodial activity. 
This may be because a high number of chiral centres increase flexibility of compounds 
and their tendency for more interaction with binding site of macromolecules. Moreover, the 
higher number of chiral centres observed in the NAA compared to CRAD, which have 
been previously observed between natural products and synthetic compounds  (Butler, 
Fontaine & Cooper 2014), suggests that more compounds in HA, A and MA may have 
enantiomers. Given that enantiomeric molecules may interact in a different mode with 
biological receptors, binding affinities can differ between enantiomers  (H Brooks, C Guida 
& G Daniel 2011). In clinical settings, enantiomers of chiral drugs can have decreased, no, 
or even adverse effects (McConathy, Owens 2003, Smith 2009, Sekhon 2010). Therefore, 
it is imperative to elucidate which of the enantiomers may be responsible for the observed 
antiplasmodial activities of the NAA and separate such enantiomers.  
Though the technology for the separation and analysis of chiral compounds has 
greatly advanced (Rentsch 2002, Sekhon 2010), yet this may not be available in many 
laboratories in least developed countries where malaria is endemic and where these NAA 
may be sourced. In light of this limitation it may be necessary to prioritize NAAs without 
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chiral centres (15% of HA have no chiral centre) for preclinical development. Another 
option is to create the racemic mixture (containing two enantiomers) provided the safety 
and efficacy can be justified as required by FDA (De Camp 1989). In conclusion, most of 
the compounds in NAA had higher number of chiral centres than those in CRAD and the 
number of chiral centres seems to correlate with antiplasmodial activities of NAA.  
3.4.2.8 Number of oxygen atoms 
 The NAA had significantly (p value < 0.05) greater number of oxygen atoms than 
the CRAD (Table 3.1). This may be because the NAA (consisting of alkaloids, terpenoids 
and flavonoids) are rich in oxygen atom as earlier reported for natural products (Feher, 
Schmidt 2003, Lachance et al. 2012a, Singh, Culberson 2010, Vasilevich et al. 2012). 
There was no significant difference (p > 0.05) in the number of oxygen (nO) among the 
subgroups of NAA and little correlation of nO with bioactivity (r = - 0.09). Although oxygen 
atoms, particularly sp2 -oxygen atom is important for ligands to form hydrogen bonds with 
receptors/enzymes (Kubinyi 2001), the low correlation with bioactivity (IC50) observed in 
our results suggests that the number of oxygen atoms may not be the sole contributing 
factor to the reported antiplasmodial activities of the NAA.  
3.4.2.9 Number of nitrogen atoms and amine functional groups 
 The average number of nitrogen atoms was significantly higher (p value < 0.05) in 
CRAD than NAA (Table 3.1), in accord with previous observation for natural products 
(Singh, Culberson 2010, Lachance et al. 2012, Vasilevich et al. 2012), though the most 
prevalent chemical class in the NAA was alkaloids (which usually contain nitrogen atoms). 
However the other prevalent chemical classes, terpenoids and flavonoids have no or low 
number of nitrogen atoms, which may explain the lower average number of nitrogen atoms 
observed in NAA compared to CRAD. Amongst the NAA, a slight negative correlation (r = - 
0.17) observed between the number of nitrogen atoms and bioactivity. This suggests that 
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the nitrogen atom may be relevant for antimalarial activities  (de Villiers, Marques & Egan 
2008).  
 Most of the nitrogen atoms were present as amine functional groups. Our results 
(Figure 4) showed that amine groups were predominant in CRAD and some of the 
compounds in HA subgroup of NAA. The presence of amine groups (or basic nitrogen) in 
nearly all CRAD highlights its importance for antimalarial activity  (de Villiers, Marques & 
Egan 2008, Ramu, Baker 1995). However the absence of the amine group in some of the 
HA and A compounds suggest that other functional groups, present within NAA 
compounds, are also vital for good antiplasmodial activities. These non-amine functional 
groups may have the potential to be the basis of a new series of antimalarial compounds.  
A typical example is artemisinin-based drugs, which are endoperoxides.  
3.4.2.10 Number of Aromatic Rings 
 Limited numbers of aromatic rings have been shown to improve developability of 
Hits to drug candidates (Ritchie, Macdonald 2009). The median number of aromatic rings 
for CRAD and all the subgroups of NAA were between 1 and 2. The average number of 
aromatic rings for CRAD was similar to the majority of the NAA (Table 3.1). There was no 
correlation between the number of aromatic rings and bioactivity of NAA (r = - 0.03).  
 Increase in aromatic ring count correlates with decreased aqueous solubility (with 
attendant poor absorption) (Feher, Schmidt 2003, Ritchie, Macdonald 2009, Leeson, St-
Gallay 2011, Yusof, Segall 2013), increased plasma protein binding (leading to low 
clearance and therapeutic efficacy) (Ritchie, Macdonald 2009), increased potential for 
inhibition of enzyme (with attendant toxicity and drug interactions) (Blagg 2006), increased 
mean observed hERG activity (hERG toxicity) (Ritchie, Macdonald 2009)  and decreased 
chance of developability of compounds into marketed drugs  (Hann, Leach & Harper 2001, 
Ritchie, Macdonald 2009, Ward, Beswick 2014). On these premises, all things been equal 
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then NAA with minimal aromatic rings are expected to possess good aqueous solubility 
that is essential for oral absorption and exhibit reduced plasma protein binding that may 
lead to a greater free fraction of such compounds in systemic circulation, particularly 
during in-vivo assay. In addition, low potential for enzyme inhibition and minimal toxicity 
(including hERG toxicity) as well as potential to be developed into successful antimalarial 
drug candidates may also be expected from these NAA. It is however worth noting that a 
high number of aromatic rings may be desirable. This is because increasing number of 
aromatic rings decreases entropy (decrease random movement of or rigidify the molecule) 
of molecules thereby favour binding of compounds to biological targets (Levitt, Perutz 
1988, Perutz 1993, Ritchie, Macdonald 2009). Hence, increasing the number of aromatic 
rings during lead optimization may be favoured as a means to increase potency. Another 
reason why aromatic rings are favoured in drug design programs is because of the well-
established synthetic methods to make aryl–aryl links (Ritchie, Macdonald 2009) that has 
made it attractive to design and synthesize compounds with increased number of aromatic 
rings in most combinatorial libraries (Buss, Butler 2010). 
  Overall, limiting the number of aromatic rings during optimization of these NAA will 
make them broadly more developable and more ‘drug-like’ despite the likelihood of 
aromatic rings to increase potency and being readily amenable to synthesis and 
transformation (Ritchie, Macdonald 2009).  
3.4.2.11 Shape index 
Shape index, computed with DataWarrior (Sander et al. 2015), is a parameter that 
estimates the three dimensional shapes of compounds. Shape index less than 0.5 suggest 
presence of three-dimensional (non-flat or spherical) scaffolds while shape index greater 
than 0.5 is for flat scaffolds. From our results (Table 3.1), we observed that the average 
shape index of CRAD (0.53) was significantly (p < 0.05) higher than that of HA (0.43), A 
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(0.45) and MA (0.46) but not significantly (p = 0.34) different from N (0.52). This result 
suggests that CRAD and N contain compounds with flat scaffolds while HA, A and MA 
contain compounds with spherical or non-flat scaffolds. Other authors have reported the 
predominance of non-flat compounds in natural products as observed for NAA  (López-
Vallejo et al. 2012, Lovering, Bikker & Humblet 2009). Amongst the subgroups of NAA, 
only the low active NAA (N) showed mean shape index > 0.5, indicating the prevalence of 
compounds with flat scaffolds. We saw some positive correlation between the shape index 
and in-vitro antiplasmodial activity (r = 0.319). This suggests that non-flat scaffolds may be 
essential for antiplasmodial activity.  
Generally, the results showed significant difference (p < 0.05) between the shape 
indices of NAA and CRAD. The presence of non-flat scaffolds seems to be essential for 
antiplasmodial activity amongst the NAA. 
3.4.2.12 Synthetic feasibility (rsynth) 
 This parameter, predicted with MOE, estimates how feasible it is to synthesize the 
compounds, with 1 being the most synthetically feasible and 0 the least synthetically 
feasible. Our results (Table 3.1) showed that all the subgroups of NAA showed mean 
rsynth values that were significantly lower (p < 0.05) than that of CRAD (0.659). Among 
the NAA, there was very little positive correlation (r = 0.12) between rsynth and bioactivity 
(IC50). These results suggest that the CRAD and low active NAA (N) may be relatively 
easier to synthesize. The prevalence of flat and low molecular weight (low complexity) 
compounds in N may be responsible for this observation. Synthetic feasibility and cost of 
synthesis may have significant impact on the development and eventual cost of drugs. 
This is particular relevant for neglected diseases in low-to-middle income countries where 
low-cost drugs are desired.  Natural products have a high number of chiral centres that 
require advanced chemical synthetic techniques and chiral separation technology. This is 
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evident in artemisinin, a recent drug of choice for malaria, which is still being sourced from 
the plant, Artemisia annua, because its chemical synthesis, though achieved in 1983, is 
too expensive for commercialization (Hommel 2008).
 
 
 
 
Table 3.1 Summary statistics of selected molecular descriptors and 
physicochemical properties of natural products with antiplasmodial activities.  
Keys to compound set: Highly active (HA) with IC50 less than 1 µM, Active (A) with IC50 
equal or greater than 1 µM but less than 5 µM, Moderately active (MA) with IC50 equal or 
greater than 5 µM but less than 10 µM, Low active (N) with IC50 equal or greater than 10 
µM and Currently registered antimalarial drugs (CRAD). 
 
Molecular Descriptors  
Outlier 
Count 
Mean 
Value Median p-Value 
Spearman Correlation 
Coefficient with 
Activity (IC50) 
cLogP(o/w)          r = 0.055 
A 3 3.7975 3.7385 0.27416 
 CRAD (ref) 2 4.2987 4.189    
HA 0 3.7205 4.0395 0.21733   
MA 5 3.8048 4.0142 0.28338   
N 17 3.3921 3.2525 0.04973   
Synthetic feasibility          r = 0.12 
A 0 0.33478 0.25 0.00022 
 CRAD (ref) 0 0.6592 1    
HA 0 0.3422 0.25 0.0003   
MA 0 0.34995 0.27362 0.0004   
N 0 0.46144 0.3381 0.01619   
Hydrophobic surface 
area (vsa_hyd)          r = -0.231 
A 6 312.64 291.67 0.05013 
 CRAD (ref) 0 271.95 275.78    
HA 2 331.98 305.52 0.0061   
MA 11 317.52 302.8 0.03426   
N 10 260.99 248.91 0.57943   
Total molecular weight          r = -0.303 
A 17 431.11 410.44 0.00065 
 CRAD (ref) 0 361.31 335.88    
HA 9 462.47 438.62 0.00001   
MA 12 446.78 418.51 0.00014   
N 7 356.14 338.4 0.77748   
Hydrogen bond 
acceptors          r = -0.193 
A 4 6.3239 6 0.00001 
 CRAD (ref) 0 4.5185 4    
HA 12 6.8037 6 0   
MA 13 6.8524 6 0   
N 16 5.1366 5 0.07499   
Hydrogen bond 
donors          r = -0.0956 
A 8 1.9824 2 0.1235 
 CRAD (ref) 2 1.5556 1    
HA 12 2.3607 2 0.00703   
MA 9 2.3667 2 0.00804   
N 11 1.8696 1 0.24812   
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Table 3.1 Continued 
Molecular Descriptors  
Outlier 
Count 
Mean 
Value Median p-Value 
Spearman Correlation 
Coefficient with 
Activity (IC50) 
Total polar surface 
area          r = -0.146 
A 13 90.309 86.11 0.00001 
 CRAD (ref) 1 60.843 54.37    
HA 12 95.412 81.95 0   
MA 15 102.04 86.99 0   
N 24 75.365 65.06 0.01767   
Number of amines         r = -0.153 
A 56 0.25 0 0.00315  
CRAD (ref) 0 0.92593 1     
HA 7 0.54338 0 0.08461   
MA 25 0.14286 0 0.00083   
N 45 0.17081 0 0.00117   
Number of Nitrogen 
atoms (a_nN)          r = -0.17 
A 19 0.74296 0 0.00064 
 CRAD (ref) 0 2.1481 2    
HA 5 1.1461 0 0.01153   
MA 38 0.48095 0 0.00009   
N 80 0.40062 0 0.00005   
Number of Oxygen 
atom (a_nO)          r = -0.0928 
A 14 5.581 5 0 
 CRAD (ref) 1 2.3704 2    
HA 5 5.6575 5 0   
MA 15 6.3714 6 0   
N 15 4.736 4 0   
Chiral centres          r = -0.201 
A 4 3.6796 3 0.06352 
 CRAD (ref) 0 2.4074 1    
HA 10 5.1963 4 0.00033   
MA 5 4.0905 3 0.02341   
N 3 2.8106 1 0.54269   
Reactive groups          r = -0.031 
A 0 0.47183 0 0.16356 
 CRAD (ref) 0 0.33333 0    
HA 0 0.47489 0 0.15977   
MA 0 0.54762 1 0.03699   
N 0 0.4441 0 0.25995   
Number of rotatable 
bonds          r = 0.0349 
A 24 5.25 4 0.63854 
 CRAD (ref) 0 4.9259 5    
HA 13 4.1461 3 0.24672   
MA 13 5.4429 4 0.46717   
N 13 4.0031 3 0.1573   
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Table 3.1 Continued 
Molecular Descriptors  
Outlier 
Count 
Mean 
Value Median p-Value 
Spearman Correlation 
Coefficient with 
Activity (IC50) 
Aromatic rings          r = -0.033 
A 0 1.4507 1 0.26106 
 CRAD (ref) 3 1.7407 2    
HA 0 1.6804 1 0.82108   
MA 3 1.4857 2 0.32786   
N 0 1.3851 2 0.16524   
Shape Index          r = 0.319 
A 13 0.4564 0.4387 0.00019 
 CRAD (ref) 0 0.5339 0.5417    
HA 14 0.4329 0.4138 0   
MA 6 0.4612 0.4406 0.00044   
N 17 0.5160 0.5000 0.34396   
Ligand efficiency (LE)          r = -0.043 
A 0.4144 0.3404 0.4830   
 HA (ref) 0.4511 0.3437 0.5096    
MA 0.3874 0.3223 0.4607     
N 0.4367 0.3342 0.4917     
Ligand lipohilicity 
efficiency (LLE)          r = -0.29 
A 4.5854 2.7311 6.4386   
 HA (ref) 6.5147 4.3483 8.1904    
MA 4.2256 2.5130 5.9902     
N 4.0653 2.8248 5.2361     
Ligand efficiency 
dependent lipohilicity 
(LELP)          r = 0.014 
A 11.466 4.6752 16.410   
 HA (ref) 8.9372 3.1016 13.932    
MA 11.812 4.8356 16.664     
N 9.0899 4.4678 11.687     
            
 
 
 
 
3.4.3 Ligand efficiency metrics 
 The calculation of the binding efficiency metrics for highly active (HA), active (A), 
moderately active (MA) and low active (N) subgroups of natural products with in-vitro 
antiplasmodial activities (NAA) are described as well as the contribution to, and impact of 
these metrics, on prioritization and selection of NAA to take forward into antimalarial drug 
development.  
3.4.3.1 Ligand efficiency 
 Ligand efficiency (LE) assesses the contribution of heavy atoms in or molecular 
weight of a compound to potency or binding affinity of such a compound (i.e. potency or 
binding affinity per heavy atom/molecular weight, given by Equation (3.1)) (Planey, Kumar 
2013).   
!" = !"/!"         Equation 3. 1 
Where ΔG = -RT ln (IC50/2), R = gas constant and T = absolute temperature, IC50 = half 
maximal reported antiplasmodial bioactivity. The unit of LE is kcal/mol/non hydrogen atom 
or heavy atom. 
 From the results (Figure 3.3, panel A), we observed that the mean LE for HA (0.48) 
was significantly higher than that of A (0.44) and MA (0.42) but not N (0.45). The exemplar 
values for LE should be greater than 0.3 kcal per mole per heavy atom  (Hopkins, Groom 
& Alex 2004)  and from our results (Figure 3, panel A) we observed that the mean LE 
values for most of the NAA (A, HA, MA and N) were within these exemplar values. This 
indicates that a good proportion of NAA (up to 80%) have desired ligand efficiency 
(potency at the right weight). It is particularly important to identify compounds with low 
weight and low potency (may be present within the MA subgroup of NAA) because it has 
been reported that such compounds have “room” for optimization to increase potency and 
pharmacokinetic properties without the risk of losing ligand efficiency (Carr et al. 2005, 
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Mortenson, Murray 2011, Planey, Kumar 2013). A down side of ligand efficiency is that it 
does not take lipophilicity, which is an important determinant of binding and/or potency, 
into account in its estimation of efficiency of binding or potency (Planey, Kumar 2013). 
Ligand lipohilicity efficiency (LLE) however provides a link between potency/binding affinity 
and lipohilicity.  
3.4.3.2 Ligand lipohilicity efficiency (LLE) 
 LLE measures how efficiently a ligand/compound exploits its lipohilicity to bind to 
target protein or create its potency (Equation 3.2). In other words, it evaluates how well 
compounds improve potency while maintaining low lipohilicity (Leeson, Springthorpe 
2007).  
LLE = pIC50 – clogP (or logD if the compound is ionizable)………. Equation 3. 2 
Where IC50 = half maximal inhibitory concentration and clogP = partition coefficient 
 
 Our results (Figure 3.3, panel B) showed that HA displayed a significantly higher 
average LLE value (HA, 6.05) than A (4.63), MA (4.14) and N (4.12). The ideal value for 
LLE has been reported to be greater than five (Leeson, Springthorpe 2007). From our 
results, we observed that only HA had a mean LLE value above 5 in spite of the similar 
clogP value with A and MA subgroups of NAA. This suggests that the hydrophobic region 
of compounds in HA may be in such orientation that ensures optimal interaction with 
biological targets that brought about the observed bioactivity.  Since the ultimate goal is to 
have compounds with good potency at the minimal lipohilicity, the results therefore 
suggest that HA consist of compounds that may be good starting points for antimalarial 
drug development.  Other studies have used LLE as criteria to find compounds suitable as 
starting points for optimization and drug development (Mowbray et al. 2009).  
On the other hand, compounds with low potency and low lipohilicity (that may be 
found in the MA subgroup of NAA) have also been reported as good starting points for 
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drug development (Hann, Keserü 2012, Keserü, Makara 2009). This is because such 
compounds have big “lipohilicity room” that are generally “filled” during optimization 
towards improved potency. Monitoring the LLE of a compound collection during 
optimization will also allow medicinal chemists to track the efficiency of each lipophilic 
addition made towards improved potency.  
 
 
  One limitation of LLE is that it does not account for molecular size (heavy atom or 
molecular weight).  A binding efficiency metric that combines lipohilicity, molecular size and 
potency is the ligand efficiency dependent lipohilicity index (LELP) (Keserü, Makara 2009). 
Figure 3.3 Boxplots of ligand efficiency metrics for subgroups of natural products 
with in-vitro antiplasmodial activity.  
Panel A, B and C represents the Ligand efficiency (LE), Lipophilic ligand efficiency 
(LLE) and Ligand efficiency dependent lipophilicity index (LELP) respectively. The mean 
(red line) and median (black line) are indicated. Currently registered antimalarial drugs 
(CRAD) were excluded from this analysis. The horizontal black line indicates the 
exemplar value cut off for each metric (LE, > 0.3; LLE, > 5; LELP, between 10 and -10).  
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3.4.3.3 Ligand efficiency dependent lipohilicity (LELP) index 
 LELP is calculated using Equation (3.3). LELP has been shown to reliably identify 
fragments, lead-like and drug-like compounds  (Tarcsay, Nyíri & Keserű 2012, Planey, 
Kumar 2013). Moreover, LELP was a better predictor of pharmacokinetic liabilities than 
LLE (Planey, Kumar 2013). The ideal LELP values have been stated to be between -10 
and 10 for acceptable leads (Planey, Kumar 2013). 
LELP = logP/LE          Equation 3. 3 
Where logP = logarithm of partition coefficient, LE = Ligand efficiency 
 
 Looking at the results (Figure 3.3, panel C), average LELP obtained for HA (8.93) 
was significantly lower than that of A (11.46) and MA (11.81) but somewhat similar to that 
of N (9.09). From our results (Figure 3.3, panel C), only HA and N showed mean LELP 
value within the ideal range. In so much as it has been reported that compounds with 
LELP values outside the exemplar range may not proceed far in the drug development 
pipeline (Wager et al. 2010), it is anticipated that NAA that fall outside the ideal LELP 
range may have lower chance of success in the antimalarial drug development process. 
Moreover, lead optimisation strategies should aim to increase ligand efficiency (LE) or 
reduce logP in order to bring elevated LELP values within the desired range. In addition, 
monitoring LELP will help to control essential physicochemical properties that will maintain 
desirable potency and pharmacokinetic profile during optimization (Keserü, Makara 2009, 
Mortenson, Murray 2011). 
 In conclusion, ranking and selection of NAA from our initial list of potential 
antiplasmodial hits is a critical step in successful antimalarial drug discovery (Di, Kerns 
2003, Hughes et al. 2011). Given the influence of logP and molecular size (heavy atoms or 
molecular weight) on potency and pharmacokinetic properties, the use of binding 
efficiency indices (LE, LLE and LELP) as a guiding criteria is important not only for hit 
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selection, but also for lead generation and optimization (Keserü, Makara 2009, Mortenson, 
Murray 2011). A plot of LELP against LLE (Figure 3.4), previously described by Tarcsay et 
al.  (Tarcsay, Nyíri & Keserű 2012) , may give medicinal chemists an idea of where the 
NAA compounds are in terms of these parameters and guide the optimization process to 
get the compounds to the desired region (as shown in Figure 3.4). A key consideration is 
to be aware of the optimizing strategies that can increase potency and keep ligand 
efficiency more or less constant or within exemplar limits. 
 
 
Figure 3.4 A scatter plot of ligand lipophilicity efficiency (LLE) versus ligand efficiency 
dependent lipophilicity index (LELP).  
The markers represent subgroups of natural products with in-vitro antiplasmodial activities (A: 
Active, HA: Highly active, MA: Moderately active and N: Low active). The exemplar values for 
LELP and LLE was used to divided the plot area into four quadrants: Q1 (likely position for 
hits from bioassays and leads compounds), Q2 (no description), Q3 (likely position for 
successful leads) and Q4 (likely position for compounds in phase 2 clinical trials and 
approved drugs). 
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3.4.4 Molecular similarity between CRAD and NAA 
We conducted a molecular similarity analysis on natural products with antiplasmodial 
activities (NAA) and currently registered antimalarial drugs (CRAD). The objectives of this 
analysis were: firstly, to examine the extent of molecular diversity within the natural 
product with in-vitro antiplasmodial activities (NAA) and secondly to identify NAA that are 
structurally similar to and diverse from CRAD. Structurally diverse highly active NAA that 
are structurally diverse compared to CRAD may be potentially new antimalarial agents 
with novel mechanism of actions.   
The result of the molecular similarity assessment based on most common 
substructure, using the MoSSMCSS algorithm (Borgelt, Meinl & Berthold 2005) is 
presented as a heat map (Figure 3.5). The heat map showed a large area of low similarity 
(lower values of Tanimoto coefficient) amongst the compounds. This is indicative of the 
substructural diversity amongst the NAA. A closer look at the heat map, using similarity 
viewer in KNIME, revealed Tanimoto coefficient in the range 0.1-0.7 between NAA and 
CRAD. This suggests that most of the NAA are structurally diverse from CRAD.  
 A similar observation was made when ChemGPS-NP (Larsson et al. 2007) was 
used to compare the spatial coordinates and volume of chemical space occupied by NAA 
relative to CRAD. The result (Figure 3.6) shows a plot of the first four dimensions: 
Aromaticity, lipohilicity and flexibility, representing PC2, PC3 and PC4 respectively, plotted 
on the x, y and z axes.  PC1, which represented size, was indicated by the size of the 
markers on the plot. Coloured markers identified the compounds in CRAD. A cursory look 
at Figure 6 showed that the CRAD did not form a tight cluster but were disperse within the 
chemical space. A wider dispersion was however observed for NAA particularly in the 
positive direction of PC1 (size) in line with our earlier observation. A closer look revealed 
that NAA were bigger in size (PC1) and more aromatic (PC2) than the CRAD. Additionally 
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the dispersal of NAA and CRAD appears to be similar along the PC4 (flexibility) but slightly 
different along the PC3 (lipohilicity) with the NAA tending towards less lipohilicity. The 
proximity of some of the NAA to some of the CRAD may be a sign of their desirable drug-
like properties and their amenability as starting point in antimalarial drug development. 
Although other studies have revealed that natural products occupy, in comparison to drug-
like compounds, unique regions of property space (Rosén et al. 2009, Mander, Liu 2010, 
Lachance et al. 2012), we however observed that some of the NAA occupy similar 
chemical spaces as CRAD, which also consist of natural product based antimalarial drugs. 
 
 
Figure 3.5 Molecular similarity amongst the compound sets. The heat map was 
generated based on most common substructure (MoSSMCS) in KNIME.  It provided a 
visualization of the molecular similarity amongst the natural products with in-vitro 
antiplasmodial activities and currently registered antimalarial drugs. Predominate 
yellow colour (high distance) on the heat map signify that most of the compounds are 
structurally far apart or highly diverse. The distance between two of the compounds at 
a data point on the heat map is highlighted. Distance value of 0.0 represent maximal 
similarity and 1.0 represent maximal diversity.   
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Based on the “Similarity Property Principle” (Maldonado et al. 2006), NAA that are 
diverse from CRAD may have different bioactive profiles or mechanism of action (MOA). 
Structurally diverse NAA may have different spatial orientation within biological targets in 
Plasmodium with resultant unique molecular interactions (Bon, Waldmann 2010). This is 
particularly relevant in light of recent resistance of Plasmodium to CRAD.  Compounds 
that may have different interactions pattern with targets implicated in Plasmodium 
resistance to CRAD or that interact with new targets are highly desirable for antimalarial 
drug development. Moreover such structurally diverse active antiplasmodial compounds 
provide insight into new chemical groups required for antimalarial activities.  
  Conversely, NAA that are structurally similar to CRAD may have similar 
pharmacokinetic properties and may be drug-like. Since pharmacokinetic properties have 
been implicated as a major determinant of compounds’ success or attrition during drug 
development (Kennedy 1997, Hou, Xu 2002), NAA that are structurally similar to CRAD 
may suffer less attrition going through the antimalarial drug development pipeline.  
 In addition, the chemical space analysis (Figure 3.6), using the CRAD as reference 
or signpost, allows us to see relative position of NAA in chemical space compared to 
CRAD. Such visualization may enable the medicinal chemist to identify NAA that are within 
or outside the desired region (i.e. space occupied by CRAD). It may also assist the 
medicinal chemist to recognize the necessary properties to optimize and the extent of 
optimization required to move the NAA towards the desirable drug like region or “sweet 
spot” (Hann, Keserü 2012).  
 Overall, molecular diversity from CRAD may be indicative of new MOA and 
potential for circumvention of current drug resistance while molecular similarity to CRAD 
may be indicative of favourable drug-like profile.  
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3.4.5 Structure-Activity landscape: Identifying activity cliffs 
 Exploration of structure-activity landscape represents a core aspect of medicinal 
chemistry (Guha 2012). Activity cliff has been defined as pair of structurally similar 
compounds with large difference in bioactivity/potency  (Hu, Stumpfe & Bajorath 2013)  
and has been of interest to medicinal and computational chemist for a long time (Lajiness 
1991, Maggiora 2006). Therefore to identify a pair of NAA that display activity cliffs, we 
Figure 3.6 Chemical space coordinates of compound sets. Coordinates were generated for 
natural products with in-vitro antiplasmodial activities (NAA) and currently registered 
antimalarial drugs (CRAD) from ChemGPS-NP. Dimensions: PS1-Size (represented by size of 
the markers), PS2-Aromaticity, PS3-Lipophilicity and PS4-Flexibility.  Most NAA (dark blue 
markers) occupy distinct positions in the chemical space in comparison to CRAD. 
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conducted a structure-activity similarity analysis using DataWarrior. The result is presented 
as a self-organizing map (SOM) (Figure 3.7) that display the relative position, in a two 
dimensional space, of all the NAA. Similar compounds are connected with a connecting 
line and the markers are coloured by antiplasmodial activity (IC50) of the compounds (from 
green (active NAA (≤ 5uM)) to dark blue (inactive NAA (≥ 45uM)).     
 
  
 We observe clusters of green markers connected with lines (one of the cluster is 
marked “A”) representing similar NAA with similar antiplasmodial activity. This group of 
NAA forms the “smooth region” of the structure-activity landscape where minor changes in 
Figure 3.7 Self-organizing map (SOM) depicting structural-activity landscape of 
the natural products with in-vitro antiplasmodial activities. The SOM was 
generated based on a measure of structural and activity similarities among the natural 
products with in-vitro antiplasmodial activities (NAA). Markers connected by lines 
represent similar compounds. Markers are coloured by activities (IC50). Connected 
markers that have different colours (e.g. cluster marked B) represent structurally similar 
compounds with different in-vitro antiplasmodial activities (activity cliff). The cluster 
marked ‘A’ which consists of structurally similar compounds with similar in-vitro 
antiplasmodial activities represent smooth region.  
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molecular structure usually lead to small change in bioactivity. This collection of NAA may 
be particularly appealing because it will allow the medicinal chemist to rationalize chemical 
substitutions that will improve pharmacokinetic parameters without sacrificing potency or 
bioactivity. This group of compounds is also amenable to quantitative structure activity 
relationship (QSAR) modeling because their structure-activity property aligns with the 
assumption of statistical modeling (Guha 2012). 
 A closer look at Figure 3.7 also revealed few clusters, one is marked “B”, that 
contains green markers (active NAA) connected to red and blue markers (inactive NAA). 
These clusters of NAA that are structurally similar but have diverse bioactivity represent 
typical activity cliffs (Supplementary Information 3.3 on DVD attached to this thesis). Two 
examples of pair of NAA that displayed activity cliff are shown in Figure 3.8.  
A plot of molecular similarity against activity similarity between pairs of compounds 
with markers coloured by fold change in normalized activity value (Δp(IC50)), provides 
another visualization for identification of the pairs of NAA that exhibit activity cliff (Figure 
3.9). Markers that fall within activity similarity < 0.8 (low activity similarity) and molecular 
similarity > 0.8 (high molecular similarity) as well as high Δp(IC50) value signifies pairs of 
NAA that show an activity cliff. Conversely, markers with activity similarity > 0.8 (high 
activity similarity) and molecular similarity > 0.8 (high molecular similarity) as well as low 
Δp(IC50) value signifies pairs of NAA that are in the “smooth region” of the structure-activity 
landscape. The “smooth region” consists of compounds that adhere to the “Similarity 
Principle” and are pliable and desirable for QSAR models as mentioned earlier. 
Although Maggiora (Maggiora 2006) proposed that activity cliffs may be responsible 
for the inefficient performance of many quantitative QSAR models (Guha 2012), activity 
cliffs help pinpoint regions of the activity landscape that contain maximum information for 
structure activity relationship (SAR) studies. This is because it allows the medicinal 
chemist to identify the subtle molecular difference between a pair of compounds that is 
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responsible for a dramatic shift in bioactivity. The rich SAR information from activity cliffs 
has been used in many drug discovery studies  (Wawer et al. 2008, Vogt, Huang & 
Bajorath 2011, Stumpfe, Bajorath 2012) . Therefore, the results of these analyses on NAA 
provide worthwhile information that may further expedite the design of potential      
antimalarial drugs from natural products. 
 
 
  
	
Figure 3.8 Pairs of natural products with in-vitro antiplasmodial activities (NAA) 
that represent activity cliffs. Panel “A” and “B” shows the structures, the value of 
structural similarity (Similarity), activity (IC50) of each compound (Activity 1 and Activity 2), 
difference in activity (Delta Activity) and Structure-Activity Landscape Index (SALI). The 
major structural differences between the compounds are highlighted with red circles. In 
Panel “A”, the hydroxyl group and methoxy group highlighted on Structure 1(IC50 = 2.0) 
and Structure 2 (IC50 = 175.89) seems to make the difference between the antiplasmodial 
activities. Therefore, this structural-activity landscape analysis provided valuable 
information about structural features in NAA required for antiplasmodial activity.   
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3.4.6 Pharmacokinetic profiling and drug-likeness of NAA 
The pharmacokinetic profile and drug-likeness of NAA were assessed in-silico using 
the models discussed below. 
3.4.6.1 Absorption models  
3.4.6.2 Lipinski rule of five (Ro5) 
	 Lipinski Rule of five got its name from the cut-off values for each of the four 
parameters that define the potential of a drug candidate for good absorption: the molecule 
has less than 5 Hydrogen bond donors and less than 10 Hydrogen bond acceptors, its 
molecular weight is below 500, and its LogP is less than 5 (Lipinski 2004). 
Figure 3.9 Scatter plot of activity similarity and molecular similarity of natural 
products with in-vitro antiplasmodial activities. Markers are coloured by change in 
activity (Delta pActivity). Activity cliff region is bounded by activity similarity below 0.8 
and molecular similarity above 0.8.  
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 These four parameters were calculated for NAA as well as CRAD and plotted on a 
three dimensional (3D) graph with markers sized by molecular weight (Figure 3.10). We 
observe that most of the CRAD occupied space that was within the Lipinski’s Ro5 while 
most of the NAA (HA, A and MA) were dispersed away from this Lipinski’s Ro5 space. This 
suggests that the NAA (HA (47%), A (52%), MA (48%) and N (71%)) within the Lipinski’s 
Ro5 space may likely have good passive absorption. We noted that a greater proportion of 
the Low active NAA (N) showed propensity for good absorption. This suggests that though 
violation of Lipinski’s Ro5 (i.e. more than 2 violations) confers absorption liabilities it may 
be associated with good bioactivity among the NAA. Although limitations of Lipinski’s Ro5 
to predict the absorption of natural products and molecules that are actively transported 
have been reported  (Keller, Pichota & Yin 2006, Ganesan 2008, Bauer, Wurst & Tan 2010, 
Doak et al. 2014), it is however desirable that NAA that fall within the Lipinski’s Ro5 space 
be prioritized to lower attrition rates during antimalarial drug development and increase 
chance of new antimalarial drugs reaching the market (Lipinski 2004, Leeson, 
Springthorpe 2007). 
Though formulation and drug delivery strategies have been developed to improve 
the absorption of compounds that violate Lipinski’s Ro5 (i.e. poorly absorbed drugs)  
(Rogge, Taft 2005, Shaikh, Derle & Bhamber 2012, Gupta, Kesarla & Omri 2013, 
Basavaraj, Betageri 2014, Mahapatra, Murthy 2014), it is important to be aware of the cost 
of such technology and its impact on the eventual market price of an antimalarial drug. 
This is in view of the economically disadvantaged population in malaria endemic regions of 
the world that requires these antimalarial drugs.  
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3.4.6.3 Veber et al. model 
 Veber, et al. (Veber et al. 2002) suggested number of rotatable bonds and polar 
surface area of a compound as determinants of oral absorption. A plot of number of 
rotatable bonds and polar surface area was generated for NAA and CRAD (Figure 3.11, 
panel X).  Veber, et al. found that the majority of compounds with good oral bioavailability 
in rats had less than 10 rotatable bonds and polar surface area less than 140 Å2.  
From the results, all the CRAD, except one with number of rotatable bonds of 11 
(Halofantrine), were within the desirable area (red rectangle). A large number of the NAA 
(A (81%), HA (76%) and MA (80%)) were also present within this region suggesting that 
Figure 3.10 Four-dimensional plot of Lipinski’s rule of five for compound sets. 
Here the dispersions of compounds from natural products with in-vitro antiplasmodial 
activities (NAA) and currently registered antimalarial drugs (CRAD) within the Lipinski’s 
“rule of five” space were compared. Keys- HA: highly active NAA, A: active NAA and 
MA: moderately active NAA. 
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these compounds may be well absorbed orally. The NAA that were dispersed outside the 
desired area and along the number of rotatable bonds axis have long aliphatic chains in 
their structure while those dispersed along the polar surface area axis contain high 
number of hydroxyl and carbonyl groups. Lead optimization strategies may change single 
aliphatic bonds to double bonds to reduce rotation and polar groups may be methylated to 
reduce polar surface area to improve oral absorption of such compounds. However, the 
effect of such modification on the bioactivity of the compounds needs to be monitored. 
  
Figure 3.11 Pharmacokinetic models depicting the proportion of compounds that fall 
within desired regions of good bioavailability. The models shown include: model by Veber 
et al. (X), Egan Egg model (Y) and Golden triangle model (Z).  The models were applied on 
the subgroups of natural products with in-vitro antiplasmodial activities (A-active, HA-highly 
active and MA-moderately active) and currently registered antimalarial drugs (CRAD). Marked 
regions encompass compounds that fall within desired regions and that may possess good 
bioavailability.  
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3.4.6.4 Egan Egg plot (Passive Gut Absorption) 
 Similar to Lipinski’s Ro5, Egan et al. (Egan, Merz & Baldwin 2000)  used statistical 
analysis to correlate passive intestinal absorption with Polar Surface Area (PSA) and 
clogP. Figure 3.11 panel Y shows a plot of PSA against clogP for NAA and CRAD. The 
ellipsoidal area of the plot (aka Egan egg) encloses compounds that are expected to 
have good passive gut absorption. Compounds that fall outside the outer Egan egg are 
predicted to have poor passive gut absorption, however may be absorbed by active 
transport processes. The results showed that most of the NAA, like the CRAD, fell within 
and at the border of the Egan egg, suggesting that they may be well passively absorbed.  
A closer look revealed that 50% of compounds in HA may have good oral absorption, 15% 
may have borderline oral absorption while 45% may show poor oral absorption. Slightly 
similar distribution in proportion was observed for compounds in A and MA. This model 
does not only identify NAA, especially HA and A, that may have poor absorption but the 
implicated physicochemical properties (PSA or clogP) may be identified and noted as a 
one of the parameters to be addressed during lead optimization.  
3.4.6.5 'Golden Triangle' model 
 An analysis of Caco-2 permeability data for more than 16,000 compounds and 
human liver microsome clearance data for about 47,000 on a plot of distribution constant 
(logD) versus molecular weight showed that compounds with good permeability and low 
clearance are concentrated within a triangular shaped area (Golden Triangle)  (Johnson, 
Dress & Edwards 2009) . A similar plot, logD (at pH 7.4) versus molecular weight, was 
generated for the compounds in our data set (Figure 3.11, panel Z). The results showed a 
small proportion of the NAA (as well as CRAD) within the golden triangle (defined by: Base 
of triangle is logD between -2 and 5 and apex is at molecular weight 500). Using 
DataWarrior to select compounds within the triangle, we observed the following 
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proportions of NAA were predicted to have tendency for good permeability and low 
clearance: A (35%), HA (25%) and MA (33%). This model predicted approximately 33% of 
the compounds in CRAD to have the propensity for good permeability and low clearance. 
The bioavailability and clearance (half-life) data provided in the drug bank (Wishart et al. 
2006) for the CRAD predicted to possess good permeability and low clearance were 
explored to ascertain the consistency of the prediction. The data provided by drug bank for 
the identified compounds in CRAD align with some of the predictions by this model.  
 3.4.7 Fragment based drug-likeness 
 Fragment based drug-likeness of NAA and CRAD, calculated with DataWarrior 
(Sander et al. 2015), is presented as boxplots (Figure 3.12, panel A). A higher proportion 
of the compounds in CRAD and HA, and a lower proportion of A, MA and N were in the 
positive region of the drug-likeness score (drug-likeness score > 0). Comparison of the 
mean drug-likeness score of NAA to CRAD showed that the HA (mean = -1.389) was 
slightly lower while A, MA and N were significantly lower than CRAD.   
This approach to assessment of drug-likeness is based on presence of substructure 
fragments that are frequently present in commercial drugs. A positive value shows that the 
query molecule contains predominantly fragments that are frequently present in 
commercial drugs. Hence HA, amongst the NAA, contains a higher proportion of 
substructures that are present in commercial drugs and may have greater chance of 
success during antimalarial drug development. However, the non-occurrence of the 
substructures from NAA in commercial drugs, as evident by the negative fragment-based 
drug-like score, may be an indication of the novelty of these compounds. 
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3.4.8 Quantitative estimate of drug-likeness (QED) 
	 Bickerton, et al. (Bickerton et al. 2012)  recommended a new metric, the 
quantitative estimate of drug-likeness (QED), to estimate drug-likeness of hits, leads or 
drug candidates. The QED value ("desirability functions'’) is mapped onto a scale between 
0 and 1, where a desirability of 1 signifies an ideal value of the drug-like property and a 
desirability of 0 relates to a completely intolerable outcome. 
 The QED calculated for CRAD and NAA (subgroups), using ICM Chemist Pro 
(Molsoft), is summarised as a boxplot (Figure 3.12, panel B). As expected, CRAD showed 
a distribution that tends towards 1 (ideal value of the drug-like property) with an average 
QED value of 0.602. The average QED value for HA, A and MA were significantly lower 
than that of CRAD. On the other hand, N showed a similar drug-like score to CRAD.  This 
Figure 3.12 Boxplots showing the distribution and summary statistics of 
Druglikeness. Panel ‘A’ is the Fragment based drug-likeness index from Datawarrior 
and panel ‘B’ is the Quantitative Estimate of Drug-likeness (QED) for subgroups of NAA 
(A-active, HA-highly active, MA-moderately active and N-low-active) and CRAD. The 
red and black lines represent the mean and median respectively for each distribution. 
No significant difference in Fragment based drug-likeness index was observed between 
CRAD and subgroups of NAA in panel A. The subgroups of NAA: HA, A and MA 
showed mean QED values that were significantly lower than that of CRAD (see p 
values inserted in graph).  
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is a contrast to what we observed using the fragment based drug-likeness score that 
shows that HA had similar drug-likeness score to CRAD.  
 This observation may be due to the different approach used to estimate the QED 
value. While the fragment based drug-likeness is based on presence of substructure 
fragments in commercial drugs, QED is generated from eight properties commonly used to 
define drug-likeness: Molecular weight (MW), logP, Hydrogen bond acceptor (HBA), 
Hydrogen bond donor (HBD), Polar surface area (PSA), Number of aromatic groups 
(AROM), Number of rotatable bonds (NRB) and ALERTS (the number of matches to 
undesirable functionalities) (Bickerton et al. 2012). The distributions of these eight 
properties for a set of oral drugs were conducted and a desirability of 1 was assigned to 
the property values of oral drugs that occur most commonly, and 0 to property values that 
are not observed.  
 The low values of QED estimated for HA and A thus signify that these compounds 
have low similarity to bulk of oral drugs and may have reduced chance of success during 
drug development. On the other hand, the low similarity of HA and A to CRAD and bulk of 
oral drugs may also be an indication of their structural peculiarity or novelty (as observed 
during molecular similarity analysis). These compounds may be the starting point of new 
antimalarial drugs with unique mechanism of action (MOA).   
3.4.9 Toxicity potential assessment 
 Checking for the presence of reactive chemical groups and potential to cause 
tumour, irritation and mutagenesis assessed the potential for toxicity from the NAA. From 
our results (Figure 3.13), a greater proportion of NAA showed no risk for tumourigenic, 
irritant and mutagenic potential in comparison to CRAD. This may attest to the low toxicity 
of these NAA, as previously observed for other natural products (Hoult, Paya 1996), and 
their potential as source of new and safe antimalarial drug candidates. However, it is worth 
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noting that drug approvals are based on rigorous benefit–risk assessment  (Garrison, 
Towse & Bresnahan 2007, Eichler et al. 2008)  thus NAA with high risk of the assessed 
toxicity parameters may also be considered for antimalarial drug development provided 
the benefit from such compounds outweigh the potential risk. 
In the context of drug development, reactive groups are usually electrophiles or free 
radicals that may react readily (via covalent binding) with nucleophilic components such as 
DNA and proteins within the biological system (Chen et al. 2001, Attia 2010). Reactive 
groups were observed in 33.3% of CRAD and that was significantly lower than that 
observed for the NAA (47.49% in HA, 47.37% in A, 55.4% in MA and 44.58% in N). 
Reactive groups identified include peroxo, oxiran/aziridine, allyl/benzyl chloride, 2-halo-
enone, 3-halo-enone and quaternary ammonium. Reactive groups, present within some 
drugs or formed after metabolism of such drugs within the biological system, have been 
implicated for unexpected toxicities of drugs that become apparent only after the launch of 
such drug entities (Nelson 1995, Prakash et al. 2008, Attia 2010).   
 
Figure 3.13 Toxicity profile of currently registered antimalarial drugs (CRAD) and 
natural products with in-vitro antiplasmodial activities (NAA). The upper panel “A” 
is for the currently registered antimalarial drugs (CRAD) while the lower panel “B” is for 
natural products with in-vitro antiplasmodial activities (NAA). Three indicators were used 
to assess the toxicity: Tumourigenic, irritant and Mutagenic. A greater proportion of NAA 
were predicted to have low risk of the toxicity indicators assessed.   
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 Overall, our results showed that NAA have lower potential for toxicity in comparison 
to CRAD. Although the presence of reactive groups, tumourigenic, irritant and mutagenic 
risk is indicative of toxicity risk, these toxicity risk alerts are by no means to be taken as 
fully reliable predictors of toxicity. Nor should the absence of these toxicity risk alerts be a 
confirmatory indication that a compound will be completely free of toxicity. Nonetheless, 
early in-silico toxicity assessment of NAA during hit profiling allows the de-prioritization of 
compounds that may have unexpected toxicity issues. In addition, implicated chemical 
groups may be replaced with other groups while retaining the biological activity of the 
compound through scaffold hopping. This may help us to design and bring safer 
antimalarial drugs to the market. 
3.4.10 Assessing promiscuity of NAA: Eli Lilly MedChem rules 
 Promiscuous compounds or frequent hitters in NAA may be false positives from 
antiplasmodial assays (Baell, Holloway 2010). Therefore identifying and flagging such 
compounds will guide selection of NAA hits, preferably excluding such frequent hitters, for 
the next stage of antimalarial drug development.  
 By applying the Eli Lilly MedChem rules on the NAA and CRAD, promiscuous or 
compounds that contain reactive groups were identified in both datasets. Approximately 
63% of the compounds in CRAD failed the rules with the predominate reasons for failure 
been “1 matches to peroxide” and “1 matches to para quinone” (Bruns, Watson 2012). The 
former captures direct oxidants, which may be the Artemisinin derivatives present in the 
CRAD, while the latter identify para positioned quinones that have high redox potential. 
Although these compounds in CRAD are registered drugs, they represent chemotypes that 
would have been triaged out of screening sets due to their high reactivity.  
 Promiscuity indicates a compound with nonspecific mode of action and may lead to 
increased incidence of toxicity (Pearce et al. 2006). In the case of NAA, 82% of the 
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compounds in HA failed the rules, 79% compounds failed in A, 78% in MA while 64% failed 
in N. The predominant reason for failure in all the subgroups of the NAA was “one match 
to catechol” which implies the presence of dihydroxybenzene groups (Bruns, Watson 
2012). Such groups, which have high redox capacity can be highly promiscuous, are 
predominant in natural products from plants e.g. flavonoids, anthraquinones, terpenoids 
compounds etc. However there was no significant (p > 0.05) difference in the proportion of 
compounds with reactive groups between CRAD and subgroups of NAA (except MA) 
(Table 3.1). No correlation (r = -0.031) was observed between the number of reactive 
compounds and the bioactivity (IC50) of the compounds (Table 3.1). These observations 
either underscore the aggressiveness of the Eli Lilly MedChem rules or attests to the 
presence of natural products and natural product derived compounds in CRAD. One may 
argue that the rule should be used with caution but it is worth its salt in that it will flag 
compounds whose bioactivity will have to be looked at more closely. This will guard 
against the use of false positives or non-specific NAA as potential starting points for 
antimalarial drug development.  
3.4.11 Prioritization of NAA: integration of chemoinformatics profiling data. 
Using the information we have provided, especially within an interactive data mining 
environment such as DataWarrior software (Sander et al. 2015), it is possible to provide an 
answer to the key question we asked earlier: Can we prioritize natural products with in-
vitro antiplasmodial activities (NAA) that are most likely to be successfully developed into 
antimalarial drug candidates?  One way that was used to provide an affirmative response 
to this question was to adjust the filters within DataWarrior to the reported exemplar values 
for all the calculated molecular descriptors and physicochemical properties. The result of 
this operation may vary based on the selected molecular descriptors and physicochemical 
properties and the choice of exemplar values. In addition, the use of filters will 
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permanently remove seemingly interesting compounds that do not fall within the range set 
on the filters.  
Another approached that was used to get a prioritized list of NAA was to generate a 
consensus scoring function for each compound in NAA. The cut off or exemplar values for 
each calculated molecular descriptor and physicochemical property was used as the 
benchmark to score each compound. Compounds with the values of molecular descriptors 
and physicochemical properties outside the desirable range were penalized with a score of 
-1 while compounds within the desirable range were rewarded with a score of 1. The 
average of these scores for all the molecular descriptors and physicochemical properties 
discussed in this study were taken as the consensus score. A consensus score of 1 
suggests that such compound have all molecular descriptors and physicochemical 
properties within the acceptable range and may be prioritized for the next stage of 
preclinical antimalarial drug development. The prioritized list of the NAA with their 
consensus score (list was sorted by the consensus score, largest to smallest) is shown in 
Supplementary Information 3.4 on DVD attached to this thesis.  Overall, compounds within 
NAA with consensus score close to 1 (i.e. those that fall on the positive side of the cut-off 
values of the various chemoinformatics properties assessed) may have greater chance of 
success during antimalarial preclinical drug development.  
Alternatively, visualization of the molecular descriptor profiles of the natural products 
with in-vitro antiplasmodial activities in the context of currently registered antimalarial 
drugs can aid prioritization and selection of NAA for downstream antimalarial drug 
discovery (Figure 3.14).  
3.5 Conclusions 
Chemoinformatics profiling of NAA and CRAD has led to development of prioritization 
strategies and prioritized lists of at least 1000 compounds that may guide decisions and 
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facilitate antimalarial drug development from natural products with antiplasmodial activities 
(NAA).  This prioritized list includes 42% highly active NAA and 45% active NAA that were 
favourably prioritized to possess desirable drug-like properties and may be successfully 
developed into antimalarial drugs. Molecular similarity analysis revealed structurally 
diverse NAA that should encompass new biologically relevant chemical space and could 
be developed into antimalarial drug candidates with possible different mechanism of 
action. Structure-activity landscape analysis revealed NAA pairs that form “activity cliffs”, 
which are particular relevant for structural activity relationship (SAR) studies. Finally, this 
study was able to identify NAA with desired drug-like properties and toxicity liabilities as 
well as promiscuous compounds or “frequent hitters” amongst the NAA.  
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Chapter Four 
Exploration of scaffolds from natural products with in-vitro antiplasmodial 
activities, currently registered antimalarial drugs and public malarial screen data. 
4.1 Abstract 
In light of current resistance to antimalarial drugs, there is a need to discover new 
classes of antimalarial agents with unique mechanisms of action. Identification of unique 
scaffolds from natural products with in-vitro antiplasmodial activities may be the starting 
point for such new classes of antimalarial agents. We therefore conducted scaffold 
diversity and comparison analysis of natural products with in-vitro antiplasmodial activities 
(NAA), currently registered antimalarial drugs (CRAD) and malaria screen data from 
Medicine for Malaria Venture (MMV). The scaffold diversity analyses on the three datasets 
were performed using scaffold counts and cumulative scaffold frequency plots. Scaffolds 
from the NAA were compared to those from CRAD and MMV. A Scaffold Tree was also 
generated for each of the datasets and the scaffold diversity of NAA was found to be 
higher than that of MMV. Among the NAA compounds, we identified unique scaffolds that 
were not contained in any of the other compound datasets. These scaffolds from NAA also 
possess desirable drug-like properties making them ideal starting points for antimalarial 
drug design considerations. The Scaffold Tree showed the preponderance of ring systems 
in NAA and identified virtual scaffolds, which may be potential bioactive compounds. 
4.2 Background 
There is considerable interest to address the challenge of discovering new and 
novel small-molecule pharmaceuticals in view of the minimal success of compounds in 
combinatorial libraries to yield blockbuster drugs (Lipkus et al. 2008). Natural products 
however remain a rich source of biologically active substances (Rates 2001, Newman, 
 
 
 
 
 	 93	
Cragg & Snader 2003, Koehn, Carter 2005, Cragg, Newman 2013)  and have made 
significant contribution to the antimalarial arsenal (Soh, Benoit-Vical 2007). Based on this 
and the recent significant contribution of Artemisinin, a natural product, to the antimalarial 
armoury, natural products with antiplasmodial activities (NAA), reported in literature 
(Frederich, Tits & Angenot 2008b, Nogueira, Lopes 2011) may be potential resources for 
discovery or design of new classes of antimalarial drug candidates. A new class of 
antimalarial drugs, preferably with a novel mechanism of action that may circumvent the 
current resistance profile of Plasmodium (the causative organism of malaria) is highly 
desirable and needed. Since the molecular scaffolds as well as the pharmacophore 
features of a compound define the uniqueness of a compound, exploration of scaffolds of 
NAA may lead to identification of new antimalarial chemotypes. The term molecular 
scaffold is used to describe the core structure of a molecule and determine the spatial 
orientation within the binding pocket of biological targets (Bon, Waldmann 2010). Hence, 
compounds with similar pharmacophore features but different scaffolds may have different 
bioactivity or mechanism of action (MOA).  
It is believed that natural products are a good source of novel molecular scaffolds 
(Lee, Schneider 2001a, Clardy, Walsh 2004, Boldi 2004, Butler, Buss 2006, Grabowski, 
Baringhaus & Schneider 2008a, Morton et al. 2009)  and scaffolds derived from natural 
compounds have preferable or privileged scaffold architectures (Welsch, Snyder & 
Stockwell 2010). Since the scaffolds of natural compounds are potentially valuable, 
assessing scaffold diversity of the natural products with antiplasmodial activities (NAA) 
and comparing them to currently registered antimalarial drugs (CRAD) and public malarial 
screen compounds from Medicines for Malaria Ventures (MMV) is a logical starting point 
for identification of scaffolds that are meaningful for antimalarial drug design/discovery. 
Such scaffolds may be starting points for new classes of antimalarial drug candidates.   
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Scaffold diversity is one of many parameters that may be used to characterize 
compound screening libraries (Villar, Hansen 2009) and assess chemical diversity based 
on the scaffolds and ring systems in structures (Willett 2000, Ertl et al. 2006, Kho et al. 
2005, Krier, Bret & Rognan 2006, Lipkus et al. 2008). In order to analyze the scaffold 
diversity of a compound library, a suitable representation of a scaffold is needed. One of 
these representations is the Murcko framework/scaffold, proposed by Bemis and Murcko 
(Bemis, Murcko 1996), which has been used to analyze the structures of known drugs 
(Bemis, Murcko 1996) and identify the common features in screening libraries and natural 
products (Grabowski, Baringhaus & Schneider 2008, Shelat, Guy 2007). The Murcko 
framework (Figure 1e) of a structure consists of all the ring systems and all the linkers that 
connect the ring systems (Langdon, Brown & Blagg 2011). This framework is obtained by 
pruning all side-chain atoms, i.e., non-ring atoms not on a direct path between two ring 
systems (Figure 4.1) (Langdon, Brown & Blagg 2011, Lipkus et al. 2008). The method 
separates molecules into ring systems (Figure 4.1a), linkers (Figure 4.1b), side chain 
atoms (Figure 4.1c), and the framework (Figure 4.1d), which is the union of ring systems 
and linkers in a molecule. A Murcko framework (Figure 4.1e) keeps information on atom 
type, whereas a graph framework (Figure 4.1f) reduces all atoms to carbon and all bonds 
to single bonds. The Murcko framework defines only molecular topology and contains no 
three-dimensional or stereochemical information (Lipkus et al. 2008). The Frequency of 
Murcko frameworks or scaffolds have been used to define the structural diversity of 
chemical databases (Lipkus et al. 2008). 
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A number of studies have been carried out to explore the scaffold diversity of 
compound sets based upon the frequency of Murcko scaffolds and to identify unique 
scaffolds. For example, Bemis and Murcko used the Murcko scaffold to establish the 
scaffold diversity of 5129 known drugs and identified 1179 scaffolds (Bemis, Murcko 
1996b). An analogous analysis of the CAS (Chemical Abstracts Service) Registry of over 
million compounds also indicated that a large percentage of organic compounds are 
embodied by only a small percentage of scaffolds (Hu et al. 2009). An analogous 
conclusion was drawn from a study that looked at the co-occurrence of scaffolds in the 
same molecule (Lameijer et al. 2006). The study found that specific scaffolds and 
combinations of scaffolds were far more frequent than others and were therefore termed 
“Chemical Clichs” (Lameijer et al. 2006). In a study that explored scaffolds present in a set 
of approximately 150,000 bioactive compounds, only 780 simple aromatic scaffolds were 
uncovered (Ertl et al. 2006). In another study, analysis of scaffold diversity of seven 
Figure 4.1 The Framework representations of an exemplar molecular 
structure. Adapted from Langdon, S. R., Brown, N., & Blagg, J. (2011). 
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representative commercial and proprietary compound libraries revealed only a small 
number of well represented scaffolds and a high percentage of singleton scaffolds 
(Langdon, Brown & Blagg 2011). With specific reference to natural products, Grabowski 
and Schneider (Grabowski, Schneider 2007) have reviewed structural diversity of 
molecular frameworks and scaffolds of collections of drugs and drug-like molecules, pure 
natural products, and natural product derived compounds. Among the natural product 
library, they identified more than one thousand scaffolds that were not contained in any 
other compound set analyzed (Grabowski, Schneider 2007). Although Lee and Schneider 
(Lee, Schneider 2001) demonstrated, using self-organizing map (SOM), that current trade 
drugs and natural products have several topological pharmacophore patterns in common, 
they however showed that only 17% of the scaffolds found in natural products could be 
found in trade drugs (Lee, Schneider 2001). 
Another way to analyze the scaffold diversity of a compound library is with Scaffold 
Tree. Wetzel et al. (Wetzel et al. 2007) used the Scaffold Tree technique for 
chemoinformatic analysis of natural products. Scaffold Tree gives a hierarchical 
classification of scaffolds obtained by pruning all terminal side chains of molecules (Wetzel 
et al. 2007). The technique iteratively removes rings one by one according to a set of 
prioritization rules, and in the end, the substructure with only one ring is obtained. Scaffold 
Hunter has been used to achieve this task for large datasets (Wetzel et al. 2009). Scaffold 
Hunter, an interactive tool for intuitive hierarchical structuring, visualization and analysis of 
complex structure and bioactivity data, is used for navigation in and exploration of 
chemical space to identify “virtual scaffolds” that should share bioactivity properties with 
their parent compound or child scaffolds (Wetzel et al. 2009). These virtual scaffolds are 
chemically meaningful entities that may provide new opportunities for the identification of 
new biologically relevant scaffold classes (Wetzel et al. 2009). 
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The goal of this study was to use the methods described above to systematically 
identify and compare the scaffolds from natural products with antiplasmodial activity 
(NAA), currently registered antimalarial drugs (CRAD) and malarial screen data from 
Medicine for Malaria venture (MMV). Specific objectives include analysis of the scaffold 
diversity of each dataset and exploration of similarity/diversity amongst scaffolds from 
NAA, CRAD and MMV. We also explored the relationship between the antiplasmodial 
activities and scaffold diversity of the NAA by comparing scaffold diversity of the bioactivity 
subgroups of NAA (i.e. Highly active (IC50 < 1 µm), Active (IC50: 1 µm – 5 µm), Moderately 
active (IC50: 5 µm – 10 µm) and Low active (IC50 > 10 µm)). From this study, we identified 
novel scaffolds in NAA that may be used as strategic and guiding framework for design of 
a natural product inspired antimalarial compound library. Interestingly, we observed greater 
scaffold diversity in the highly active subgroup of the NAA.  
4.3 Methods 
4.3.1 Datasets for scaffold analysis 
 
The scaffold analysis of three datasets were explored: natural products with in-vitro 
antiplasmodial activities (NAA) compiled from literature, PhD and Masters theses and 
public chemical databases; currently registered antimalarial drugs (CRAD) from ChEMBL 
and malaria box from Medicine for Malaria ventures (MMV). In total, there were 1036, 27, 
18923 compounds in NAA, CRAD and MMV, respectively. Comparing a large collection of 
compounds to a small collection is not a concern because studies have shown that large 
combinatorial libraries may contain a very low proportion of scaffolds as compared to 
smaller collections (Krier, Bret & Rognan 2006, Singh et al. 2009) . The NAA was 
subdivided in four subgroups based on their antiplasmodial activities [IC50]: Highly active 
[HA] [IC50: < 1µM], Active [A] [IC50: 1 µM - 5 µM], Moderately active [MA] [IC50: 5 µM - 
10uM] and Low active [LA] [IC50 >10uM].  
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4.3.2 Generation of scaffolds and Scaffold Trees 
Two scaffold representations were used to analyze the scaffold diversity of the three 
datasets: Murcko scaffolds (Bemis, Murcko 1996) and the Level 1 scaffolds from a 
Scaffold Tree (Wetzel et al. 2007), both of which are suitable for compounds containing 
cyclic systems. Murcko scaffolds were generated using a Konstanz Information Miner 
(KNIME) workflow (Berthold et al. 2009). The file containing the smiles and identifiers for 
each dataset were read and converted to RDKit molecules (Landrum 2014). The Murcko 
scaffolds were generated with the RDKit find Murcko scaffolds (Landrum 2014) and written 
to a comma separated version file.  
Scaffold Hunter was used to reduce each molecule in the dataset to its scaffold and 
arrange the resulting scaffolds hierarchically in a Scaffold Tree (Wetzel et al. 2007). 
Scaffold Trees were generated for CRAD, NAA (and its subgroups) and MMV (Yongye, 
Medina‐Franco 2013). The molecules in each dataset were represented as the leaf nodes 
of the Scaffold Tree. Lower levels of the Scaffold Tree were obtained by iterative removal 
of rings according to a default rule set that are designed to retain the most richly 
functionalized ring systems and are intended to be intuitive to a synthetic medicinal 
chemist (Langdon, Brown & Blagg 2011). This process continued until only one ring 
remains at the root node of the tree (Level 0). The subsequent levels or nodes in the tree 
are named numerically. Different molecules may have different levels, depending on the 
complexity or the number of rings in the studied molecules; hence the number of levels of 
the Scaffold Tree was counted for each dataset. The scaffolds at each level of the Scaffold 
Tree were also counted for each data set.  
The Level 1 scaffolds from the Scaffold Tree were used to assess the scaffold 
diversity of the CRAD, NAA and MMV datasets because it has been reported to be most 
informative and appropriate for such analysis (Langdon, Brown & Blagg 2011). The 
scaffolds at Level 0 were not chosen because they are usually too simple to characterize 
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the structural features of the studied molecules and at levels above Level 1, the scaffolds 
become more complicated and even identical to the Murcko framework. In addition, some 
compounds with low molecular weight or less molecular complexity usually do not have 
Level 3 or above. Murcko scaffold was chosen to evaluate the scaffold diversity and 
evaluate the association between scaffold diversity and in-vitro antiplasmodial activities for 
subgroups of NAA (HA, A, MA and LA). Murcko scaffolds have been reported to be 
informative for Structural Activity Relationships (SAR) (Bemis, Murcko 1996). 
4.3.3 Scaffold Diversity Analysis 
 We investigated scaffold diversity with two parameters: Scaffold counts and 
Cumulative Scaffold Frequency Plots (CSFP). These parameters provide information on 
the distribution of molecules over scaffolds. 
4.3.3.1 Scaffold Counts.  
The scaffold diversity analysis was performed on the CRAD, MMV, NAA and 
bioactivity subgroups of NAA (HA, A, MA and LA) data sets. The numbers of unique 
scaffolds for each data set were counted (Ns) along with the number of molecules they 
represent (M); this is referred to as the scaffold frequency. The number of singleton 
scaffolds was also recorded (Nss); singleton scaffolds are scaffolds that are only present in 
one exemplar molecule. The ratio of scaffolds to compounds (Ns/M) and the ratio of 
singleton scaffolds to all scaffolds (Nss/Ns) were used to assess the diversity of scaffold 
space. 
4.3.3.2 Cumulative Scaffold Frequency Plots (CSFP).  
To generate cumulative scaffold frequency plots (CSFP); the scaffolds were first 
sorted by their scaffold frequency (most frequent to least frequent). The cumulative 
percentage of scaffolds was then plotted against the cumulative scaffold frequency as a 
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percentage of total molecules. CSFP were generated for CRAD, MMV and NAA using 
Level 1 scaffold representations. Murcko scaffolds were used to construct the CSFPs for 
CRAD and bioactivity subgroups of NAA (HA, A, MA and N). From the CSFPs, the 
percentages of scaffolds that represent ‘n’ percent of compounds were determined (where 
n = 25%, 50% and 75%). The area under the curve [AUC] was also estimated for each 
CSFP. The P50 and AUC have be been used as measures of scaffold diversity (Medina‐
Franco et al. 2009). 
4.3.4 Molecular Similarity amongst Scaffolds  
 
Self-Organizing Map [SOM], a robust artificial neural network algorithm, was used 
to organize Murcko scaffolds of CRAD and bioactivity subgroups of NAA (HA, A, MA and 
LA) based on scaffold structural similarity. Scaffold structural similarity was assessed with 
“Fragfp descriptors” from DataWarrior (Sander et al. 2015). Fragfp descriptors are 
substructure fragment dictionary based binary fingerprints similar to MDL keys (Durant et 
al. 2002). We used principal component analysis [PCA] to assess the structural similarity 
between Level 1 scaffolds from NAA and MMV. PCA was done on “Skelspheres 
descriptors” generated for the NAA and MMV scaffolds with DataWarrior (Sander et al. 
2015).  “Skelspheres descriptors” encodes circular spheres of atoms and bonds into a 
hashed binary fingerprint of 512 bits. “Skelspheres descriptors” also account for 
stereochemistry; counts duplicate fragments and encode heteroatom-depleted skeletons. 
The first three principal components from the PCA were plotted in a three dimensional 
graph. Scaffolds from NAA [HA, A, MA and LA] that are not similar to scaffolds from CRAD 
may be novel in the antimalarial drug chemical space.  
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4.4 Results and Discussion 
4.4.1 Scaffold Diversity 
 
Scaffold counts and Cumulative Scaffold Frequency Plots (CSFP) were used to 
assess the scaffold diversity of three datasets: natural products with antiplasmodial activity 
(NAA), currently registered antimalarial drugs (CRAD) and malarial screen data from 
Medicine for Malaria ventures (MMV). In addition, the scaffold diversities of the highly 
active (HA), active (A), moderately active (MA) and low active (LA) subgroups of NAA 
were explored.   
4.4.1.1 Scaffold Diversity of NAA, CRAD and MMV datasets 
4.4.1.1.1 Scaffold Counts and Cumulative Scaffold Frequency Plots (CSFP)  
 
Scaffold counts enumerate the number of compounds included in the analysis (M) 
and the number of scaffolds (Ns) as well as the number of singleton scaffolds (Nss) 
generated from such compounds. With regards to the analysis of Level 1 scaffolds (from 
Scaffold Tree) for natural products with antiplasmodial activity (NAA), currently registered 
antimalarial drugs (CRAD) and malarial screen data from Medicine for Malaria ventures 
(MMV), Table 4.1 shows the ratios of scaffolds to molecules (Ns/M), singleton scaffold to 
molecules (Nss/M) and singleton scaffolds to total scaffolds (Nss/Ns). Higher values of these 
ratios are indicative of greater scaffold diversity of the dataset. Applying these metrics to 
the Level 1 scaffolds, the MMV and NAA data sets showed a lower ratio of scaffolds to 
molecules (Ns/M = 0.11 and 0.29, respectively) compared to CRAD (Ns/M = 0.59).  A 
similar trend was observed with the singleton scaffold to molecules (Nss/M). This indicates 
that MMV and NAA data sets contain heavily represented scaffolds. In other words, for 
MMV there are 10 molecules for every scaffold, 3.3 molecules for every scaffold in NAA 
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while for CRAD there are 1.8 molecules for every scaffold. This result suggests that CRAD 
has the greatest scaffold diversity amongst these datasets.  
Table 4.1 Parameters from the scaffold diversity analysis of CRAD, NAA and MMV 
(using Level 1 scaffolds).  
 
 Ns/M Nss/M Nss/Ns P25 P50 P75 AUC 
Currently registered Antimalarial 
Drugs (CRAD) 
0.59 0.48 0.81 6.47 17.97 49.91 6794 
Natural products with in-vitro 
antiplasmodial activity (NAA) 
0.29 0.17 0.57 1.65 6.75 27.58 8017 
Malarial screen data from 
Malaria Medicine Venture 
(MMV).  
0.11 0.05 0.53 0.11 1.02 9.39 9043 
The parameters include ratios of scaffolds to molecules (Ns/M), singleton scaffolds to 
molecule (Nss/M), singleton scaffolds to total scaffolds (Nss/Ns), percentage of scaffolds that 
represent 25% of molecules (P25), percentage of scaffolds that represent 50% of molecules 
(P50), percentage of scaffolds that represent 75% of molecules (P75) and area under curve 
(AUC). 
 
 
The ratio of singleton scaffolds to scaffolds provides more information on the 
distribution of molecules over scaffolds. For example, in CRAD with the highest ratio of 
scaffolds to molecules (Ns/M = 0.59), suggesting that the data set has high scaffold 
diversity, the proportion of singleton scaffolds to scaffolds (Nss/Ns) is 0.81; therefore, 81% 
of scaffolds (13 scaffolds) represent only 1 molecule each, and 19% of scaffolds (3 
scaffolds) represent the remaining 14 molecules.  This indicates that a large proportion of 
the Level 1 scaffolds in CRAD are singletons, suggesting that the distribution of molecules 
over scaffolds is uneven. In comparison, the NAA and MMV data sets showed lower ratio 
of singleton scaffolds to scaffolds (Nss/Ns = 0.57 and 0.53, respectively), insinuating that a 
lower proportion of their Level 1 scaffolds are singletons and a more even distribution of 
molecules over scaffolds. This observation may be expected since NAA and MMV are 
screening collections containing a selection of antiplasmodial compounds that are equally 
represented. 
Cumulative Scaffold Frequency Plots (CSFP) gives an indication of the distribution 
of compounds over the molecular scaffolds  (Langdon, Brown & Blagg 2011) . It was 
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generated by plotting percentage of scaffolds against percentage of molecules as detailed 
in the experimental section. CSFP are interpreted thus: a diagonal line point to an equal 
distribution of compounds across the molecular scaffolds, while curves that are above the 
diagonal line (i.e. with steeper gradients) represents compound datasets with low 
molecular scaffold diversity. The Pn values [n = 25%, 50% and 75%] and the area under 
the curve (AUC) are quantitative parameters estimated from the CSFP. The Pn values 
[where n is 25, 50, and 75] indicate the percentage of scaffolds that represent ‘n’ percent 
of compounds; thus, P50 is the percentage of scaffolds that represent 50% of all 
compounds in the dataset. The CSFP and estimated parameters for NAA, CRAD and 
MMV as well as the activity subgroups of NAA are presented and discussed below. 
The Cumulative Scaffold Frequency Plots (CSFP) of the Level 1 scaffolds for NAA, 
CRAD and MMV are shown in Figure 4.2 while the Pn values [where n is 25, 50, and 75] 
and the AUC are shown in Tables 4.1. In the extreme case of scaffold diversity, each 
molecule in the collection will have its own scaffold, the plot would be diagonal line from 
[0%, 0%] to [100%, 100%]; therefore, the closer the curve is to the diagonal line, the 
greater the diversity of the dataset. The result (Figure 4.2) showed that CRAD was closest 
to the diagonal line, indicative of its relatively higher scaffold diversity. MMV dataset was 
furthest from the diagonal line hence had the least scaffold diversity. The CSFP for NAA 
was between that of CRAD and MMV suggesting that NAA dataset had higher scaffold 
diversity than MMV but lower scaffold diversity than CRAD. Since CSFP gives an 
indication of the distribution of compounds over the molecular scaffolds  (Langdon, Brown 
& Blagg 2011), the result also attests that compounds from NAA are more evenly 
distributed over their scaffolds than compounds from MMV but less evenly distributed than 
compounds from CRAD. Another point of note is that all curves began with a very steep 
gradient; this indicates the presence of scaffolds that represent a large proportion of the 
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dataset. The shallow region of the curve represents the high proportion of singleton 
scaffolds.  
 
 
 
 
 
 
 
 
For example the MMV and NAA data sets, which have much lower ratios of 
singleton scaffolds to overall scaffolds (Nss/Ns = 0.53 and 0.57 respectively) compared to 
CRAD (Nss/Ns = 0.81), the curves level off later than for the CRAD data sets due to the 
lower proportion of singletons in the datasets. In order to compare the CSFP quantitatively, 
the following parameters were estimated from the curves:  Pn values (n = 25%, 50% and 
75%) and the area under the curve (AUC). Pn value is the percentage of scaffolds that 
represent ‘n’ percent of compounds; thus, larger Pn values indicate more scaffold diversity. 
From Table 1 we observed that the P25, P50, and P75 of NAA (1.65, 6.75 and 27.58 
respectively) were higher than those of MMV but lower than CRAD. This attests our earlier 
Figure 4.2 Cumulative Scaffold Frequency Plots of Murcko scaffolds 
from datasets. The plot is shown for currently registered antimalarial drugs 
(CRAD), natural products with in-vitro antiplasmodial activity (NAA) and 
malarial screen data from Malaria Medicine Venture (MMV). The closer the 
curve is to the diagonal line, the greater the scaffold diversity of the data set. 
Murcko scaffolds from CRAD showed the highest scaffold diversity. 
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conclusions that NAA had greater scaffold diversity than MMV but lower than CRAD. The 
area under the CSFP curve (AUC) would be 5000 for a diagonal plot [i.e. extreme scaffold 
diversity: each molecule in the collection will have its own scaffold]. Thus, the lower the 
AUC, the greater the scaffold diversity or more even scaffold distribution of the dataset. 
The values of the AUC for NAA, CRAD and MMV delivered similar conclusions as earlier 
observed with the use of scaffold counts (Ns/M) and Pn. Therefore, the CSFP affirmed the 
conclusions from the scaffold count that CRAD had the highest scaffold diversity, followed 
by NAA and MMV. 
In all, the proportion of scaffolds present in a dataset (Ns/M), proportion of singleton 
scaffolds (Nss/Ns) and the Cumulative Scaffold Frequency Plots (CSFP) were useful 
indicators of the scaffold diversity of the datasets studied. The greatest scaffold diversity 
was observed in CRAD. This result may be expected since the CRAD dataset represents 
privileged compounds that came from diverse chemical screening library during drug 
development and have successful made it to market as antimalarial drugs. A more 
interesting conclusion from these results is that scaffolds from NAA (a collection of only 
natural compounds active against Plasmodium) were more diverse than those from MMV 
(a collection of synthetic and natural compounds active against Plasmodium). The lower 
scaffold diversity observed for MMV may be attributed to the synthetic compounds, which 
have low scaffold diversity, within this collection of compounds. The low scaffold diversity 
of synthetic compounds stems from the nature of medicinal chemistry research over the 
past few decades, which has focused upon familiar and limited set of biological targets as 
well as feasible chemical synthesis (Galloway et al. 2014). Consequently, these synthetic 
compounds may be intrinsically biased towards feasible chemical synthetic pathways and 
known bioactivity chemical space.  
Scaffold diversity has been reported to be most crucial to the functional diversity of 
a collection of compounds (Galloway et al. 2014). Although functional group substituents 
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are important for interaction or binding with macromolecules, the central scaffold of a 
compound determines its spatial orientation and shape-space coverage (Galloway et al. 
2014). Therefore, the higher scaffold diversity of NAA over MMV suggests that NAA may 
cover a wider biological chemical space than MMV. The potential to cover uncharted 
regions of the antimalarial chemical space increases the prospect of discovering potential 
antimalarial drugs with novel mechanism of antimalarial bioactivity. In conclusion, higher 
scaffold diversity of NAA increases the likelihood to detect hit compounds with novel 
mechanism of action. 
4.4.1.2 Bioactivity subgroups of NAA (HA, A, MA and LA) 
4.4.1.2.1 Scaffold Counts and Cumulative Scaffold Frequency Plots (CSFP) 
 
The scaffold count parameters obtained for the comparison of the subgroups of 
NAA ((HA), active (A), moderately active (MA) and low active (LA)), using Murcko 
scaffolds, are outlined in Table 4.2.  Though HA had the highest proportion of scaffolds to 
molecules (Ns/M = 0.66, respectively), there was however no significant difference 
amongst the Ns/M ratios of HA, A (0.60) and MA (0.64) except LA (0.52) (p value = 0.001). 
The ratio of singleton scaffolds to total scaffolds (Nss/Ns) was in between 0.6 to 0.75 for the 
subgroups of NAA. This indicates that a high proportion of scaffolds were singletons and 
were not uniformly distributed across the HA, A, MA and N datasets.  
Figure 4.3 shows the Cumulative Scaffold Frequency Plots (CSFP) for the Murcko 
scaffolds of the subgroups of NAA (HA, A, MA and LA) and CRAD (as a locus). As 
expected, the plot for CRAD was closest to the diagonal suggesting its high scaffold 
diversity. Amongst the subgroups of NAA, the low active (LA) subgroup of the NAA data 
set was farthest from the diagonal line, indicating that it had the lowest scaffold diversity. 
There was an overlap of the CSFP of the other subgroups of NAA (HA, A and MA). All the 
CSFPs level off early due to the high proportion of singletons in the datasets.  
 
 
 
 
 	 107	
Table 4.2 Parameters from the scaffold diversity analysis of CRAD and the 
subgroups of NAA (HA, A, MA and N) (using Murcko scaffolds).   
 
 Ns/M Nss/M Nss/Ns P25 P50 P75 AUC 
Currently registered Antimalarial 
Drugs (CRAD) 0.70 0.55 0.79 10.22 24.57 59.03 6247.6 
Highly active natural products with in-
vitro antiplasmodial activity 
(IC50<1uM) (HA) 0.66 0.49 0.74 7.35 20.71 58.31 6410.2 
Active natural products with in-vitro 
antiplasmodial activity (IC50: 1uM – 
5uM) (A) 0.60 0.40 0.67 6.59 18.96 54.50 6588.4 
Moderately active natural products 
with in-vitro antiplasmodial activity 
(IC50: 5uM – 10uM) (MA) 0.64 0.49 0.77 6.16 18.53 55.68 6577.8 
Low active natural products with in-
vitro antiplasmodial activity (IC50 > 
10uM) (N) 0.52 0.38 0.73 4.19 13.96 46.50 7026.2 
The parameters include ratios of scaffolds to molecules (Ns/M), singleton scaffolds to molecule 
(Nss/M), singleton scaffolds to total scaffolds (Nss/Ns); percentage of scaffolds that represent 25% of 
molecules (P25), percentage of scaffolds that represent 50% of molecules (P50), percentage of 
scaffolds that represent 75% of molecules (P75) and area under curve (AUC) for analysis of CRAD 
and the subgroups of NAA (HA, A, MA and N) (using Murcko scaffolds). 
 
 
 
 
Figure 4.3 Cumulative Scaffold Frequency Plots of Level 1 scaffold of 
datasets. Plots for currently registered antimalarial drugs (CRAD), natural 
products with in-vitro antiplasmodial activity (NAA) subgroups: HA-highly 
active, A-active, MA-moderately active and LA-low active are shown. The 
closer the curve is to the diagonal line, the greater the scaffold diversity of the 
data set. The low active NAA clearly has the least scaffold diversity. 
 
 
 
 
 	 108	
To decipher the order of scaffold diversity amongst the subgroups of NAA (HA, A 
and MA), the Pn and AUC of the CSFP were estimated (Table 4.2). The larger the Pn 
values, the greater the scaffold diversity and the lower the AUC, the greater the scaffold 
diversity. Amongst the subgroups of NAA, the P25, P50 and P75 values for HA, A and MA 
were significantly higher than the LA.  This suggests greater scaffold diversity in HA, A and 
MA over LA. The AUC values for the subgroups of NAA followed a similar trend as 
observed for the Pn values though in the reverse order; the least AUC was observed in HA 
and the highest AUC in LA. In general, these results indicate the apparent scaffold 
diversity amongst the activity subgroups of NAA and revealed apparent correlation 
between scaffold diversity and antiplasmodial activities (i.e. the greater the scaffold 
diversity, the greater the antiplasmodial activities). Greater scaffold diversity suggests 
wider coverage of chemical space and increases the chance of finding compounds that 
interact with more biological targets to elicit bioactivity. In all, we observed a relationship 
between scaffold diversity and the antiplasmodial activity of NAA.  
4.4.2 Molecular Similarity of Scaffolds reveal differences amongst NAA, MMV and 
CRAD Datasets  
In the quest to find unique scaffolds that are not present in currently registered 
antimalarial drugs, we assessed the molecular similarity between the scaffolds obtained 
from currently approved antimalarial drugs (CRAD), natural products with antimalarial 
activities (NAA) and malarial screen library from Medicine for Malaria Venture (MMV). We 
also took a closer look at the molecular similarity between the scaffolds from CRAD and 
bioactivity subgroups of NAA (highly-HA, active-A, moderately active-MA and low active-
LA). The results are presented and discussed below. 
Principal component analysis (PCA) was done to assess the structural similarity 
amongst the scaffolds from CRAD, NAA and MMV based on chemical bits-fingerprints. 
The results (Figure 4.4) revealed that though most of the scaffolds from NAA occupy the 
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same chemical space as scaffolds from MMV, there were NAA scaffolds that were outliers 
from the main cluster. In comparison to scaffolds from CRAD, majority of the scaffolds 
from NAA occupied distinct regions of the molecular similarity space. These scaffolds from 
NAA are unique and are not present in scaffolds from CRAD. The MMV also contain 
scaffolds that are located in different regions of the chemical space, suggesting that they 
are not present within the CRAD. A list of the NAA scaffolds that are not present in CRAD 
are presented in Supplementary information 4 on the DVD attached to this thesis.  
 A Self-Organizing Map (SOM) (Figure 4.5) was used to arrange scaffolds in a two 
dimensional space in order to visualize similarity between CRAD and bioactivity subgroups 
of NAA (HA, A and MA) as well as identify unique scaffolds in these bioactivity subgroups. 
The SOM (Figure 4.5) showed that some scaffolds from the bioactivity subgroups of NAA 
(HA, A and MA) occupied distinct regions of the map where scaffolds from CRAD were not 
found. This suggests that these scaffolds are not similar to the scaffolds from CRAD. A 
closer look at the top twelve scaffolds (based on frequency of occurrence) from CRAD and 
HA (Figure 4.6) revealed no similar scaffolds between these two scaffold sets.  
In all, given that unique scaffolds may have unique orientation within drug targets 
(Bon, Waldmann 2010), thus unique mechanism of action, these scaffolds may be 
explored as new frameworks for antimalarial drug design. In addition, Figure 4.7 showed 
that most of the scaffolds from NAA and MMV have drug-like properties (average 
hydrogen bond acceptors less than 5, average hydrogen bond donors less than 2, 
average calculated logarithm of partition coefficient less than 3 and average total 
molecular weight less than 200) that are far below the cut-off recommended by Lipinski’s 
models (Lipinski 2004). This  “drug-likeness window” of scaffolds from NAA allows the 
addition of functional groups unto these scaffolds, during the design of potential natural 
product based antimalarial drugs, without exceeding the recommended drug-likeness cut-
offs.  
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Figure 4.4 Scaffold structural similarity assessment using principal components 
analysis. Structural similarity between Level 1 scaffolds of natural products with 
antiplasmodial activities (NAA) and public malarial screen data (MMV) were assessed. 
“Skelspheres descriptors” from Datawarrior were used to assess structural similarity and 
generate principal components. The 3D plot of first three principal components showed that 
most of the scaffolds from NAA occupy the same chemical space as scaffolds from MMV. 
However there were NAA scaffolds that were outliers from the main cluster (in the black 
circle).  
Figure 4.5 Scaffold structural similarity using Self-Organizing Maps (SOM). Shown 
above are the self-organizing maps (SOM) of currently registered antimalarial drugs 
(CRAD) and bioactivity subgroups of natural products with in-vitro antiplasmodial 
activity (NAA) subgroups: HA-highly active, A-active and MA-moderately active. 
Markers represent scaffolds that are arranged in a two-dimensional space based on 
scaffold structural similarity. This individual SOM clearly showed that scaffolds from the 
NAA (HA, A and MA) occupied distinct regions of the SOM (marked with black boxes) 
where scaffolds from CRAD are not found.   
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Figure 4.6 Comparison of top twelve scaffolds for NAA and CRAD datasets. The 
top twelve Murcko scaffolds from currently registered antimalarial drugs (CRAD) are 
shown in the top blue panel. The top twelve Murcko scaffolds from the highly active 
natural products with in-vitro antiplasmodial activity (HA) are shown in the bottom red 
panel. There were no similar scaffolds between the two datasets.  
Figure 4.7 Drug-like properties of scaffolds from the datasets analysed. Some 
drug-like properties (number of hydrogen bond donors and acceptors, cLogP and 
molecular weight) of scaffold from currently registered antimalarial drugs (CRAD), 
natural products with in-vitro antiplasmodial activities (NAA) and malarial screen library 
from Medicines for Malaria Ventures (MMV) were assessed. Most of the scaffolds in 
NAA and all scaffolds in CRAD were below the cut-offs (marked with red line) for these 
drug-like properties. MMV showed scaffolds above the cut-offs. 
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4.4.3 Scaffold Tree: revealing virtual scaffolds 
Scaffold Tree is a hierarchical classification of chemical scaffolds or ring systems from 
compounds obtained by stepwise pruning of all terminal side chains and rings (Figure 4.8). 
The Scaffold Trees for CRAD and subgroups of NAA (HA, A, MA and LA) datasets 
generated using Scaffold Hunter are provided as portable data files in the Supplementary 
Information 4_1_4_5 on the DVD attached to this thesis. These Scaffold Trees consist of 
concentric circles with the parent compound and the scaffolds arranged along the outer 
and inner circles respectively.  
From the results (Supplementary Information 4_1_4_5), Scaffold Trees of CRAD, A, MA 
and LA showed no scaffold at Level 5, Level 9, Level 10 and Level 11 respectively. 
However, HA had scaffolds at all levels of the Scaffold Tree up to Level 11. Presence of 
scaffolds at increasing levels of the Scaffold Tree indicates the predominance of ring 
systems and increasing molecular complexity of the compounds in a dataset. These 
results therefore suggest that the NAA (HA, A, MA and LA) have greater molecular 
complexity and more ring systems, as previously reported for natural products (Ortholand, 
Ganesan 2004). In addition, the most active NAA i.e. HA may contain compounds with 
high molecular complexity and number of ring systems.  
In addition, navigation of the building “scaffold” of the compounds in the datasets through 
the Scaffold Tree enabled us to visualize “virtual scaffolds” that may share bioactivity 
properties with their parent compound or child scaffolds (Wetzel et al. 2009). These virtual 
scaffolds represent previously unexamined molecules that may for example exhibit higher 
potency and provide starting point to venture into uncharted biologically relevant chemical 
space.  In addition, these virtual scaffolds may be of particular interest as a starting point 
for subsequent synthesis of the parent compounds.  
In summary, the Scaffold Tree allowed the visualization of the complexity of the ring 
systems of the compounds in the datasets analyzed. In addition, the Scaffold Tree 
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contains “virtual scaffolds” that are chemically meaningful entities and may provide new 
opportunities for the identification of new bioactive compounds.  
 
4.5 Conclusions  
Murcko scaffolds and Scaffold Trees were generated from natural products with in-
vitro antiplasmodial activities [NAA]; currently registered antimalarial drugs [CRAD] and 
malaria box from Medicine for Malaria ventures [MMV]. The scaffold diversity of these 
antimalarial compound datasets were computed and compared. The scaffold count and 
cumulative scaffold frequency plots [CSFP] showed that CRAD is the most scaffold 
diverse dataset while NAA displayed more scaffold diversity than MMV. Amongst the 
bioactivity subgroups of NAA, the high active (HA) compound set had the highest scaffold 
diversity. The Scaffold count and Cumulative scaffold frequency plots [CSFP] were useful 
indicators of scaffold diversity of the antimalarial and antiplasmodial datasets studied.   
Figure 4.8. A section of a Scaffold Tree generated with Scaffold Hunter for currently 
registered antimalarial drugs. The technique first prunes all terminal side chains from 
parent molecules (A), then iteratively removes ring one by one according to a set of 
prioritization rules from the parent molecule (A) to get the intermediate scaffold (B). At the 
end, the scaffold with only one ring (C) is obtained.  Scaffolds B and C represent “virtual 
scaffolds” that may have bioactivities similar to or higher than the parents compound (A). 
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It was evident that many of the scaffolds from the NAA [HA, A, MA and LA] were not 
similar to those from CRAD, thereby highlighting the novelty of these scaffolds in the 
antimalarial chemical space. Moreover, most of the scaffolds have desirable drug-like 
properties and these novel scaffolds may be used as frameworks to design new 
antimalarial focused compound libraries.  
Scaffold Tree was also used to explore the scaffolds present in CRAD and bioactivity 
subgroups of NAA [HA, A, MA and LA]. The presence of scaffolds at increasing levels of 
the Scaffold Tree for HA, A, MA and LA indicate the prevalence of ring systems and 
increasing molecular complexity of the compounds in these datasets. More importantly, 
virtual scaffolds present at different levels of the Scaffold Tree of the NAA compounds 
were identified, which are chemically significant, and may also provide starting points for 
new potential antimalarial compounds.  
Overall, the exploration and comparison of the scaffolds from CRAD, MMV and NAA [HA, 
A, MA and LA] enabled us to find novel scaffolds and chemotypes that may result in 
progress towards design of new compound libraries and development drug candidates to 
combat malaria. This study also underscores the potentially significant contributions from 
nature to antimalarial drug development.  
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Chapter Five 
Prediction of antimalarial bioactivity in natural products using a machine learning 
approach 
5.1 Abstract 
A large amount of natural products have shown in-vitro antiplasmodial activities. In 
view of the cost of conducting bioactivity assays, it may be judicious to learn from previous 
antimalarial bioassays and predict bioactivity of compounds before experimental bioassay. 
This study set out to harness antimalarial bioactivity data of natural products to build 
accurate models, utilizing machine-learning approaches, which can find potential 
antimalarial hits from new sets of natural products.   
Machine learning approaches were used to build regression and classifier models 
from bioactivity data of natural products with in-vitro antiplasmodial activity (NAA). Four 
contemporary regression models and four classifier models were independently built from 
the NAA dataset using molecular descriptors and molecular fingerprints. Models were built 
and refined by leave-one-out cross-validation and evaluated with an independent test 
dataset. Applicability domain (AD), which defines the limit of reliable predictability by the 
models, was estimated from the training dataset and validated with the test dataset. 
Possible chemical features associated with reported antimalarial activities of the 
compounds were also extracted.  
The regression and classifier models that were most suitable for the dataset 
(natural products with in-vitro antiplasmodial activities) following the leave-one-out cross 
validation were model tree M5P (correlation coefficient = 0.84) and Sequential 
Minimization Optimization (accuracy = 73.46%) respectively. The test dataset fitted into the 
applicability domain (AD) defined by the training dataset. The amine, hydroxyl and 
carbonyl groups was observed to be essential for antimalarial activity in active NAA 
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dataset but hydroxyl and carbonyl groups were also observed in the inactive NAA dataset. 
This study built, evaluated and identified amply accurate regression and classifier models 
that may be used for virtual screening of compound libraries to mine possible antimalarial 
compounds without the expense of bioactivity assays. Desirable chemical features for 
antimalarial activity were also compiled from the NAA dataset. The study provides valuable 
knowledge that may trigger an accelerated antimalarial drug discovery.  
5.2 Background 
Devastating effect of malaria is evidenced by 584,000 deaths of which 78 per cent 
were children under five years of age in 2013 (Sharma, Sullivan & McCutchan 2015)  and 
thousands of person-hours lost to morbidity (El Tahir Mohamed 1993, Russell 2004). 
Majority of deaths due to malaria are caused by Plasmodium falciparum, the most virulent 
amongst the species that cause the disease (Gupta et al. 1994, Bull, Marsh 2002, Kaestli 
et al. 2006). The growing resistance and failure of existing first-line antimalarial drugs has 
exacerbated the situation leading to an exigent need to develop novel antimalarial drug 
candidates (Klein 2013, Burgess 2014, Severini, Menegon 2015). Judging by the immense 
contribution of nature to existing antimalarial drugs (Christensen, Kharazmi 2001, Batista, 
De Jesus Silva Júnior, Ademir & De Oliveira 2009, Xu, Pieters 2013, Mojab 2012) and the 
likelihood to encounter novel chemotypes in natural products, in-vitro malarial screen data 
of natural products may be the appropriate starting point for discovery of new antimalarial 
drugs.    
  Amongst various drug discovery strategies, phenotypic screening or in-vitro cell 
based screening to identify growth inhibitors of P. falciparum has been one of the 
promising approaches for novel antimalarial drug  discovery. The technique has shown 
potential in identifying several novel chemical scaffolds with antimalarial activity 
(Guiguemde et al. 2012, Kotz 2012, Spangenberg et al. 2013, Gros et al. 2014). Recently 
a number of publications have reported the in-vitro antiplasmodial activities of natural 
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products from plants (Christensen, Kharazmi 2001, Batista, De Jesus Silva Júnior, Ademir 
& De Oliveira 2009, Xu, Pieters 2013, Mojab 2012) and marine life forms (Davis et al. 
2012, Mayer et al. 2011). In addition, datasets of in-vitro antiplasmodial bioassays of 
natural products and synthetic compounds have been made available in public domain 
(Wang et al. 2009, Spangenberg et al. 2013, Bathurst, Hentschel 2006). The availability of 
such data for drug discovery of malaria has motivated us to create predictive models 
based on molecular properties and machine learning approaches.  
Machine learning refers to a large set of tools for understanding data. These tools, which 
can be classified as supervised or unsupervised, refers to a collection of algorithms and 
computational methods for predictive learning from labeled datasets (James, Witten & 
Hastie 2014). In unsupervised statistical learning, there are inputs but no consequent 
output. Nonetheless, this approach allows us to learn relationships and structure from 
such input data as well as cluster the input data into classes based on their properties.	
Supervised machine learning involves building a model from an input data and a known 
output which can be used to predict output based on one or more new inputs. The model 
encompasses systematic information that the input variable (x) provides about the output 
(y) (Equation 5.1). 
! = ! ! +  !………………………………………………………………Equation 5.1 
 
Where f is the systematic information, that x provides about y; e is an error term. 
 
Machine learning algorithm that learn by regression are most suitable when the input and 
output variables are numeric (e.g. activity values and molecular descriptors). However, 
when the output variable is categorical (e.g. active/inactive) then classification algorithms 
are most appropriate to learn from such data. 
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In chemoinformatics, supervised machine learning methods have been widely used 
to predict molecular properties and biological activities. Generally, compounds are labeled 
based on their bioactivity (i.e. active/inactive) and the machine-learning algorithm comes 
up with a binary classification model based on a set of molecular descriptors. The model 
may then be used to predict the activity of a set of compounds using their molecular 
descriptors. It has been shown that such an approach could accurately predict the 
activities in assorted sets of compounds with activities as diverse as anti-tubercular 
(Periwal et al. 2011), antimalarial (Jamal et al. 2013) and RNA-binders (Jamal, Scaria 
2013).  To our knowledge, there has not been any bioactivity predictive model specifically 
for natural products with antiplasmodial or antimalarial properties. 
There are an increasing number of natural products, mostly from ethnomedicine in 
malaria endemic regions, with good in-vitro and/or in-vivo antiplasmodial activities  
(Batista, De Jesus Silva Júnior, Ademir & De Oliveira 2009, Kaur et al. 2009, Frederich, 
Tits & Angenot 2008, Nogueira, Lopes 2011). The antiplasmodial bioactivity data for these 
natural products present a dais to build models that may be used to screen other natural 
products and predict their potential antiplasmodial activities.    
This present study focused on development of machine learning regression and 
classification models for natural products with varying in-vitro antiplasmodial activities 
(NAA). The regression models were built from the bioactivity values (pIC50) and the 
molecular descriptors of the compounds in the NAA dataset. Two sets of classification 
models were built, one from bioactivity class (Active or Inactive) and the molecular 
descriptors, and another from bioactivity class (Active or Inactive) and molecular 
fingerprints of the NAA dataset. The regression and classification models that performed 
best with the NAA dataset were identified using standard model evaluation parameters. 
We also analyzed the chemical structures of the datasets to find molecular fragments or 
chemical features enriched within the active and inactive compounds. Finally, we showed 
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that the machine learning models built in this study might be used to screen large natural 
compound libraries in-silico and identify potential antiplasmodial compounds. This may 
limit the need for in-vitro screening and drastically reduce the expense of finding hits from 
natural products for antimalarial drug discovery.   
5.3 Materials  
5.3.1 Data 
The dataset used in this study consist of natural products that have been tested for 
in-vitro antiplasmodial activities (NAA) compiled in-house from literature, PhD and Masters 
Theses and public chemical databases. The chemical structures of the compounds in NAA 
were either downloaded in the SMILES format from public chemical databases (ChEMBL 
or PubChem) or drawn using Chemtool version 1.6.13 (http://ruby.chemie.uni-
freiburg.de/~martin/chemtool) running on a Linux platform. The dataset (NAA) was 
subdivided into two groups based on their in-vitro antiplasmodial activities (IC50): Active (A) 
(IC50: < 10µM) and Inactive (A) (IC50: ≥10µM). Since the data were from different reported 
assays, the IC50 values were normalized by converting to pIC50 thus: pIC50 = -Log (IC50)) 
(https://www.collaborativedrug.com/buzz/2014/07/14/why-using-pic50-instead-of-ic50-will-
change-your-life/ accessed October 2015). 
5.3.2 Machine Learning Algorithms and Software Packages 
Numerous algorithms and classification implementations have been previously used 
in supervised machine learning; we used four regression and four classifier algorithms to 
learn from the dataset. The regression models were Model Tree (M5P) (Barros et al. 
2010), linear regression  (Montgomery, Peck & Vining 2012), Sequential Minimization 
Optimization regression (Chu, Keerthi 2007, Chang, Lin 2011) and Multilayer Perceptron 
(Gardner, Dorling 1998, Vianna, Cruz 2014). Classification models used includes Naïve 
Bayesian classifier (Nidhi, et al. 2006, Zhang et al. 2015), Sequential Minimization 
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Optimization (SMO) classifier (Chu, Keerthi 2007, Chang, Lin 2011), Random Forest (RF) 
classifier (Sheridan 2012, Singh et al. 2015) and Voted perceptron (VP) classifier  
(Martišius, Šidlauskas & Damaševičius 2013, Loukeris, Eleftheriadis 2015). The 
regression and classifier algorithms were executed with Waikato Environment for 
Knowledge Analysis (Weka 3.6) nodes (Hall et al. 2009) in Konstanz Information Miner 
(KNIME) (Berthold et al. 2008). All the machine-learning algorithms used have been 
previously shown to be efficient in terms of both computation time and classification 
accuracies (Jamal et al. 2013, Jamal et al. 2012, Periwal et al. 2011, Ojha, Roy 2010).  
5.3.2.1 Naïve Bayes 
Naïve Bayes (NB) classifier is based on the Bayesian theorem with the “naive” 
assumption of independence between every pair of attributes of the objects to be 
classified. Bayesian theorem finds the probability of an event occurring (bioactivity class of 
a new compound) given the probability of another event that has occurred earlier 
(compounds with known bioactivity class). Classification is made by linking the prior 
probability (based on previous experience) and the likelihood to form a posterior 
probability using the so-called Bayes' rule (Swinburne 2008, Textbook 2011). In spite of 
their obviously over-simplified assumptions, Naive Bayes classifiers have worked quite 
well in many practical situations, famously document classification and spam filtering 
(Androutsopoulos et al. 2000, Viegas et al. 2015).  
5.3.2.2 Model tree (M5P) 
M5P is a reform of Quinlan's M5 algorithm for producing trees of regression models 
(Wang, Witten 1996, Witten et al. 1999, Barros et al. 2010). M5P combines an orthodox 
decision tree with the possibility of linear regression functions at the nodes (Wang, Witten 
1996, Witten et al. 1999, Barros et al. 2010). First, a decision-tree induction algorithm is 
used to build a tree, but instead of maximizing the information gain at each inner node, a 
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splitting criterion is used that minimizes the intra-subset variation in the class values down 
each branch (Wang, Witten 1996, Witten et al. 1999, Barros et al. 2010). The splitting 
procedure in M5P stops if the class values of all instances that reach a node vary very 
slightly, or only a few instances remain (Wang, Witten 1996, Witten et al. 1999, Barros et 
al. 2010). Second, the tree is pruned back from each leaf when pruning, an inner node is 
turned into a leaf with a regression plane. Third, to avoid sharp discontinuities between the 
sub-trees a smoothing procedure is applied that combines the leaf model prediction with 
each node along the path back to the root, smoothing it at each of these nodes by 
combining it with the value predicted by the linear model for that node (Wang, Witten 1996, 
Witten et al. 1999, Barros et al. 2010). 
5.3.2.3 Voted perceptron (VP) and Multilayer Perceptron (MLP) 
Perceptron determine the class of an instance by using a linear combination of 
attributes (variables). Perceptron maps sets of attributes onto a set of appropriate outputs 
(numeric value or class) by forming a linear combination according to its attributes’ weights 
and putting the output through some nonlinear activation function (Wang, Witten 1996, 
Witten et al. 1999, Barros et al. 2010). It starts out by setting all weights to zero until all 
instances in the training data are classified correctly.  For each instance i in the training 
data If i is classified incorrectly If i belongs to the first class add it to the weight vector else 
subtract it from the weight vector. Voted perceptron stores all weight vectors and let them 
vote on class of a test instance  (Martišius, Šidlauskas & Damaševičius 2013, Loukeris, 
Eleftheriadis 2015). However, a single perceptron is not very useful because of its limited 
mapping ability. Therefore, multilayer of perceptron (multilayer perceptron (MLP) may be 
used as building blocks of a larger, much more practical structure with better mapping 
ability (Gardner, Dorling 1998, Vianna, Cruz 2014).  
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5.3.2.4 Random Forests 
Random forests (RF) are ensemble-learning methods that operate by constructing 
multitude of decision trees classifiers on random selection of samples from the dataset 
and use averaging to improve the predictive accuracy and control over-fitting (Liaw, 
Wiener 2002, Sheridan 2012, Singh et al. 2015). The sum of the predictions made from 
decision trees determines the overall prediction of the forest. At each node of the decision 
tree, one variable or feature is selected to make sample-separating decision (Liaw, Wiener 
2002, Sheridan 2012, Singh et al. 2015). This gives RF the ability to assess the effects of 
the predictor variables one at a time on classification outcome (Liaw, Wiener 2002, 
Sheridan 2012, Singh et al. 2015).  
5.3.2.5 Sequential Minimization Optimization 
Sequential Minimization Optimization (SMO) algorithm advanced by John Platt in 
1998 is extensively used for training support vector machines (SVM) (Platt 1999). SMO, 
an iterative algorithm, breaks large quadratic programming (QP) optimization problem into 
a series of smallest possible QP problems (Platt 1999). These small QP problems are 
solved systematically, which avoids using a time-consuming numerical QP optimization as 
an inner loop. While the standard chunking SVM algorithm scales somewhere between 
linear and cubic in the training set size, SMO scales somewhere between linear and 
quadratic in the training set size (Platt 1999). Thus, the amount of memory required for 
SMO is lower than that required for SVM (Platt 1999).  
5.4 Methods  
5.4.1 Dataset Pre-processing and Calculation of Molecular Descriptors 
A Konstanz Information Miner (KNIME) workflow (Berthold et al. 2008, Meinl et al. 
2009) was set up (Figure 5.1) and used for the machine learning of natural products with 
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in-vitro antiplasmodial activities (NAA): to pre-process the dataset, build the classifier 
models and evaluate the performance of the classifier models.  
 
The “Molecule_processing” meta-node consists of a “Molecule Type Cast” node 
that recognizes the SMILES format in the input file of NAA. Linked to this node is the 
“RDKit to Molecule” node (Landrum 2014) that converts the SMILES format to molecules. 
Following this are the nodes that add missing hydrogen (“RDKit Add Hs”)  (Landrum 2014)  
and assign a Kekule representation (i.e. localises the electrons and assigns single and 
double bonds) to aromatic systems of a molecule (“RDKit Kekulizer”) (Landrum 2014). The 
“RDKit Descriptor Calculation” and “RDKit Fingerprint” nodes (Landrum 2014) were used 
to calculate the molecular descriptors and bit molecular fingerprint for the molecules in the 
dataset used for the classification models. For the regression models, molecular 
descriptors were calculated with Molecular Operating Environment (MOE)  (Chemical 
Computing Group I 2013)  and DataWarrior (Sander et al. 2015) for the NAA dataset. The 
“Data_preprocessing” node was then used to normalize the molecular descriptors using 
minimum-maximum normalization model. 
Figure 5.1 Screen shot of the KNIME workflow that was used to build the 
classifier and regression machine-learning models.  
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5.4.2 Selection of Descriptors or Features  
Descriptors or features selection have become the emphasis of much research in 
machine learning particularly in datasets with tens or hundreds of thousands of variables 
e.g. gene expression array and combinatorial chemistry. The objective of features 
selection is three-fold: improving the prediction performance of the predictive model, 
providing faster and more economical predictive models, and providing a better 
understanding of the underlying process that generated the data (Guyon, Elisseeff 2003).  
For the regression models, the “AttributeSelection” module in Waikato Knowledge 
Analysis (weka) was used to select the descriptors/features most relevant to build the 
regression models (Hall et al. 2009). The “CFsSubsetEval” algorithm within the 
AttributeSelection” module was used to evaluate the worth of descriptors by considering 
the individual predictive ability of each descriptor and the degree of redundancy amongst 
the descriptors. 
With regards to the classifier models, the “Feature Elimination” (FE) meta-node in 
KNIME was used to select descriptors that are beneficial to build efficient classifier 
models. The FE meta-node used contain the following nodes: “Backward Feature 
Elimination Start (1:1)” (BFS), “Naïve Bayes Learner” (NBL), “Naïve Bayes Predictor” 
(NBP), “Backward Feature Elimination End” (BFE) and “Backward Feature Elimination 
Filter” (BFF) nodes. Generally, the meta-node takes a random sample of the input data, 
with n descriptors, as training set and implements a loop that starts with n input 
descriptors, then finds the subset of n-1 input descriptors with lowest error on the test set, 
then the n-2 input features again with lowest error on the test set, and so on. At each 
iteration, i, the best performing subset of n-i input features was found by iterating on all 
available input features and leaving one out each time. The one input feature, whose 
presence disrupts the predictive performance of the Naïve Bayes model the most, is left 
out for good. 
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BFS node started the backward feature elimination loop that implemented the 
iteration using leave-one-out method. NBL and NBP nodes learned from the training set 
and predicted the class of the test set of our data with n-i descriptors using a Bayesian 
model (Liu, Motoda 2007, Saeys, Inza & Larranaga 2007) . BFE compared the class in our 
data with the predicted class and computed the error rate. The descriptor that caused the 
smallest error when left out is then discarded for the next iteration. The output table from 
the node shows the error for the different levels of the elimination process, and the 
descriptors that has been excluded in the level. The last node in the meta-node, BFF, 
collects the results from the loop: for each iteration i, the best performing n-i input 
descriptors and the corresponding error on the test set. 
5.4.3 Training and Evaluation of Regression models 
 The purpose of the regression models is to determine optimal parameters for the 
prediction of biological activity (pIC50 = -Log (IC50)) from the molecular descriptors and 
molecular fingerprints. To build the model, the processed dataset (consisting of the pIC50 
and the molecular descriptors and molecular fingerprints) was imported into Weka 
graphical user interface (Hall et al. 2009). Then the pre-selected regression algorithms 
(M5P regression, Linear regression, Sequential Minimization Optimization and Multilayer 
Perceptron) were trained with the NAA dataset to build the regression models. The training 
of the regression algorithms was done with a leave-one-out cross validation.  The 
outstanding regression model was then used to predict the bioactivity (pIC50 values) of an 
independent test dataset. The performances of the regression models in the cross-
validation and the predictions were captured with these parameters: correlation coefficient 
and root mean squared error (RMSE). 
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5.4.4 Training of Classifier Models 
	 The purpose of the classification algorithms is to build a classifier model that 
assigns class (e.g. active/inactive) to molecules defined by a set of attributes (e.g. 
molecular descriptors). A metanode in the KNIME workflow (Figure 5.1) was designed to 
build the various classifier models that were earlier mentioned (i.e. Naïve Bayesian 
classifier, Sequential Minimization Optimization (SMO) classifier, Random Forest (RF) 
classifier and Voted perceptron (VP) classifier). The Partitioning node was used to split the 
data coming from the Feature Elimination meta-node into 80% training cum validation set 
and 20% independent test set by stratified sampling. The former was then piped into the 
“CostSensitive_Classifier_Cross_Validation” meta-node while the later was passed to the 
Weka Predictor (3.6) node. The “CostSensitive_Classifier_Cross_Validation” meta-node 
consisted of four nodes: X-Partitioner, Weka “CostSensititiveClassifier”, Weka Predictor 
and X-Aggregator. X-Partitioner and X-Aggregator nodes were used to implement a leave-
one-out cross-validation. The X-Partitioner node partitioned the training data such that one 
sample of the data is left out as the test data and the remaining ones used as training set. 
This is iterated until each sample of the data is used as a test data. X-Aggregator node 
collates the predictions and error rates from each validation step. The Weka “Cost 
Sensitive Classifier” was used to build the classifier models and the Weka Predictor 
generated predictions from the test data.   
5.4.4.1 Cost Sensitive Classification 
Classifier algorithms need to effectively learn from appropriate training data to build 
a robust model that can accurately predict class for test data. The nature of the dataset is 
a determinant of such effective learning. Most bioassay datasets are imbalance where one 
class is overly represented as observed in our datasets (approximately 70% active class 
(A) and 30% inactive class (N)). Standard classifier algorithms cannot successfully deal 
with this class imbalance problem as they assume equal weighting of the classes and that 
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all misclassification errors cost equally. Hence, the evaluation results for imbalance 
datasets using standard classifiers do not reflect accurate results of classification by the 
classifiers. Cost-sensitive classifier algorithms are often used to deal with datasets with 
very imbalanced class distribution. The Weka “meta-CostSensitiveClassifier” node (Hall et 
al. 2009) in KNIME (Berthold et al. 2008) was used to build the classifier models from NAA 
dataset. The Weka “meta-CostSensitiveClassifier” makes its base classifier cost sensitive 
and provide it with the capability to predict a class that leads to the lowest expected cost 
(Hall et al. 2009, Ji, Carin 2007). Two methods can be used to introduce cost sensitivity: 
misclassification cost in classifiers: reweighing training instances according to total cost 
assigned to each class; or predicting the class with minimum expected misclassification. 
For our datasets that have two class representations (i.e. active (A)/inactive (N)), cost 
sensitivity was introduced by using a ‘2 ×2’ dimension cost matrix (Table 5.1).  
Table 5.1 Cost matrix used by Weka “meta-Cost Sensitive Classifier”.  
TP (0.0) FN (2.0) 
FP (1.0) TN (0.0) 
The cost values for each possible classification are in brackets. 
True Positives (TP), False Positives (FP), True Negatives (TN) and False Negatives (FN) 
 
The four sections of a cost matrix can be read as: True Positives (TP) - actives 
classified as actives; False Positives (FP) – inactives classified as actives; True Negatives 
(TN) - inactives classified as inactives; False Negatives (FN) - actives classified as 
inactive. The Weka “meta-CostSensitiveClassifier” enforces a penalty or weight on the 
base classifier for generating false positives (FP) or false negatives (FN) during learning. 
By default, the weight on the cost matrix is set to one for FP and FN. However, it has been 
reported that during development of the classifier models misclassification is more costly 
than a correct classification (Drummond, Holte 2006). In bioactivity prediction, it has been 
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reported that cost of FN is more important than cost of FP (i.e. cost of missing a potential 
active compound greater than predicting an inactive compound as active) (Periwal et al. 
2011). Therefore, the weight or penalty for FN was set to two (Table 1) to minimize the 
chance of FN misclassification. This cost matrix was used to build the NB, VP, SMO and 
RF classifier models.  
5.4.4.2 Classifier Model Performance Evaluators 
5.4.4.2.1 Confusion Matrix, Accuracy Statistics and Receiver Operating 
Characteristic 
 
The performances of the classifier models were assessed by a leave-one-out cross 
validation (832 compounds) and prediction of the bioactivity class of an independent 
natural product with antiplasmodial activity (a total of 208 compounds). In the KNIME 
workflow (Figure 5.1), the Scorer node and the ROC node were attached to the output 
from the Weka predictor nodes (from the cross-validation and the independent test data 
prediction). The outputs from the Scorer node include a confusion matrix and evaluation 
statistics. Some of the evaluation statistics generated comprise sensitivity, specificity and 
accuracy. Sensitivity relates to the test’s ability to identify positive results whereas 
specificity relates to the test’s ability to identify negative results. A test with high sensitivity 
and specificity will have a low error rate. Accuracy indicates proximity of measurement of 
results to the true value. These evaluation statistics can be mathematically expressed as: 
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Where TP is True Positives; FP is False Positives; TN is True Negatives and FN is False 
Negatives. 
The outputs from the ROC node encompass the Receiver Operating Characteristic (ROC) 
curve, which is a graphical plot of True Positive Rates (TPR) vs. False Positive Rates 
(FPR) for a binary classification system. The Area under Curve (AUC) value was also 
computed from the ROC curve and it denotes the probability that a classifier will rank a 
randomly chosen active compound higher than a randomly chosen inactive compound. 
5.4.5 Applicability Domain (AD) 
   Generally, machine learning models methods are more likely to show good 
predictive performance for compounds that share similar properties to compounds in the 
training set. Thus, it is necessary to define the “applicability domain” (i.e. the boundary 
defined by the chemical space in the training set) of the models, and to check if any new 
compound falls within such domain. New chemical compounds positioned within or at the 
boundary of the chemical space of a training data are most likely to be reliably predicted 
from models built from such training data (Sahigara et al. 2012). Numerous simple and 
complex methods are used to define applicability domain (AD); based on range, distance, 
geometric and density distribution (Netzeva et al. 2005, Jaworska, Nikolova-Jeliazkova & 
Aldenberg 2005). One of the simplest and commonly applied methods is the AD based on 
range-based definition with a preliminary Principal Components (PC) rotation (Jaworska, 
Nikolova-Jeliazkova & Aldenberg 2005). In the present study, we have defined the AD of 
the models using the training cum validation data and evaluated the extent to which the 
independent test data fit into the AD. This will be helpful to explain the accuracy of 
prediction from models and assess whether a new compound is inside or outside the AD 
of the models.  
Principal Component Analysis (PCA) based description of AD of the 
training/validation data reduces the higher dimensionality of the data (due to large number 
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of molecular descriptors) and facilitates simple exploration while maintaining the variation 
of the data. PCA in this study was done with Unsupervised learning metanode in the 
machine learning KNIME workflow (Figure 5.1). The PCA was carried out for the training 
data (using molecular descriptors) from the Partition node in the KNIME workflow before 
cross validation (Figure 5.1). PCA of the independent test dataset was also performed in 
order to validate if the compounds within the test dataset fall within the chemical space or 
applicability domain (AD) of the compounds in the training dataset. 
5.4.6 Enriched molecular fragments in the NAA and MMV datasets 
The molecular fragments or substructures (or chemical features) enriched within the 
active and inactive compounds in the NAA and MMV datasets were searched with the 
Molecular Substructure (MoSS) node in KNIME (Figure 5.1) (Berthold et al. 2008, Meinl et 
al. 2009). Minimum and maximum fragment sizes were set to 1 and 100 respectively. Pure 
carbon fragments were ignored and the ring mining option was enabled (set at 3 to 8 to 
avoid finding fragments with partial rings). The algorithm used is the Christian Borgelt’s 
MoSS implementation (Borgelt, Meinl & Berthold 2005) . 
5.5 Results and Discussion 
In the present study, we have trained and evaluated four regression models and 
four classification models with in-vitro antiplasmodial activities data of selected natural 
products (NAA). For the regression models, the IC50 values were normalized by converting 
to pIC50 thus: pIC50 = -Log (IC50).  Concerning the classification models, compounds with 
IC50 values less than or equal to 10µM were labeled as active (A) while compound with 
IC50 values greater than 10µM were labeled as inactive (N). Based on this classification of 
bioactivity, an imbalance was observed in the NAA dataset with fewer numbers of inactive 
(N: 31%) compared to the actives (A: 69%). 
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5.5.1 Regression models 
5.5.1.1 Selection of Molecular Descriptors 
A total of 270 two-dimensional (2D) and three-dimensional (3D) molecular 
descriptors were generated for natural products with in-vitro antiplasmodial activities 
(NAA) using Molecular Operating Environment (MOE) and DataWarrior. Following the 
descriptor selection analysis implemented with “AttributeSelection” module in Weka 
(Witten et al. 1999), 7 (≈ 3 %) descriptors were recommended to build the regression 
models for the NAA dataset (Table 5.2). Descriptor selection analysis was done to identify 
the most relevant descriptors to build the regression models. For the NAA dataset, about 
97% of the descriptors, that will not improve the prediction performance of the regression 
models, were removed. This result suggests that most of the descriptors in NAA dataset 
did not show sufficient correlation with the antiplasmodial activity value (pIC50). This may 
arise when the dataset consist of dissimilar compounds. Removal of descriptors that has 
negligible correlation with bioactivity (pIC50) may lead to faster and more efficient 
predictive regression models.  
Table 5.2 Recommended molecular descriptors for the regression models  
Code Description 
dens Mass density: molecular weight divided by van der Waals volume 
E_str Bond stretch potential energy. 
E_strain Local strain energy 
GCUT_SMR_0 Mo Molar refractivity GCUT (0/3) 
VAdjEq Vertex adjacency information (equality): -(1-f)log2(1-f) - f log2 f where f = 
(n2 - m) / n2, n is the number of heavy atoms and m is the number of 
heavy-heavy bonds. If f is not in the open interval (0,1), then 0 is returned. 
 
vsurf_CW7 Capacity factor 7 
vsurf_CW8 Capacity factor 8 
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5.5.1.2 Training and Evaluation of Regression Models 
The 7 descriptors selected (Table 5.2) from above were used to build regression 
models for NAA dataset. A leave-one-out cross-validation scheme was used to evaluate 
the performance of the models. Selected evaluation parameters from the leave-one-out 
cross-validation of four regression models for NAA are shown and discussed below.  
5.5.1.2.1 Correlation Coefficient (R2) and Root Squared Mean Error (RMSE) 
Correlation coefficient (R2) quantifies the extent of the regression models’ fitting of 
the predicted bioactivity (pIC50) to the observed bioactivity (pIC50). The R2 values lies 
between 0 and 1, with 1 corresponding to an ideal fit. The root mean squared error 
(RMSE) estimates how much error there is between the observed bioactivity (pIC50) and 
the predicted bioactivity (pIC50) by the regression models. It represents the sample 
standard deviation of the differences between predicted pIC50 values and observed pIC50 
values. Hence, lower RSME will suggest minimal deviation between the observed and 
predicted pIC50 values and good performance by the model. 
Judging by the values of the R2 (Table 5.3), the M5P regression model, which had a 
R2 closest to 1, outperformed the other regression models.  In addition, the RMSE for M5P 
was relatively lower than the other regression models. M5P algorithm has been reported to 
show lower error rate than Multilayer Perceptron and Linear regression algorithms  
(Deepa, SathiyaKumari & Sudha 2010). Considering the time taken to build one model 
from a training dataset of 832 instances, all the regression models performed well with the 
linear model being the fastest amongst the lot. Cogitating the two evaluation parameters 
(correlation coefficient and RMSE), the results (Table 5.3) therefore suggest that the M5P 
regression model could be the most suitable for NAA dataset. 
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Table 5.3 Parameters from training and leave-one-out cross-validation of regression 
models 
Leave-one-out cross-validation 
 Models R2 RMSE Time taken to build model (seconds) 
M5P 0.84 0.56 0.74 
Linear Regression 0.76 0.66 0.00 
SMO 0.76 0.70 1.1 
MultilayerPerceptron 0.75 0.70 0.84 
    
Prediction of independent test set 
 Models R2 RMSE  
M5P 0.83 0.68  
Keys: R2 - Correlation coefficient, RMSE - Root mean squared error 
 
The M5P regression model was then used to predict the bioactivity (pIC50) of an 
independent test dataset of natural products with antiplasmodial activities (NAA). A plot of 
the observed pIC50 of the independent test dataset and the predicted pIC50 (Figure 5.2) 
displayed good correlation coefficient (R2 = 0.83) similar to that obtained from training the 
model and cross-validation. The RMSE from the prediction (0.68) was however higher 
than that observed during the cross validation (0.56). The potential to visualize the 
prediction model generated by M5P (Figure 5.3) makes it extremely useful. The M5P 
creates a decision tree and use a linear model at each node to explain the remaining 
variability (Witten et al. 1999). At each leaf node, a linear model is used to compute the 
contribution of each variable to the overall predicted value.  
Overall, all the regression models showed good predictive ability. The removal of 
low correlated and collinear variables (molecular descriptors) during the pre-processing of 
the dataset may have reduced noise from the dataset and ensured good regression 
models with good predictive ability. However, a likely curb to an excellent predictive ability 
by the regression models could be the different and varied in-vitro antiplasmodial studies 
that generated the bioactivity values used in this study. Though we normalized the 
reported bioactivity values, the models cannot account for all the variation in in-vitro 
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antiplasmodial study protocols and conditions. In addition, we are still far from a good 
understanding of the complications of chemical and biological systems (Wold et al. 2004). 
Such inexplicable complications may reduce the efficiency of model predictability of real 
experimental data. 
 
 
Figure 5.3 M5P Classifier Tree Model. The descriptors used to build the model are 
shown: V30: density, V44: E_str, V45: E_strain, V56: GCUT_SMR_0, V120:  VAdjEq, 
V171: vsurf_HL2 
 
Figure 5.2 Correlation between the observed pIC50 and the M5P predicted pIC50.  
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5.5.2 Classification models for NAA dataset 
5.5.2.1 Selection of Molecular Descriptors 
A total of 117 molecular descriptors were generated with RDKit Descriptors 
Calculation node in KNIME (Landrum 2013, P Mazanetz et al. 2012) for the compounds in 
the NAA dataset. The resultant data was then pre-processed, as described under the 
method section, before passing on to the “Feature Elimination” meta-node (Berthold et al. 
2009) to remove redundant molecular descriptors. Approximately 35% of the molecular 
descriptors were removed from the NAA dataset and the remaining 76 molecular 
descriptors were used to build the classification models.  
5.5.2.2 Training and Evaluation of the Performance of Classifier Models  
Four classifier models were trained and built using Weka version 3.6 node in 
KNIME: Voted Perceptron (VP), Naïve Bayesian (NB), Random Forest (RF) and 
Sequential Minimization Optimization (SMO). Misclassification cost was set to two for false 
negatives (FN). The trained classifier models were assessed by a leave-one-out cross 
validation. SMO was the slowest of the lot In terms of program run time to build one model 
(2.88 seconds); the NB was the fastest (0.12 seconds) followed by VP (1.05 seconds) and 
RF (1.31 seconds). The parameters used to evaluate the performance of the classifier 
models are discussed below.  
5.5.2.2.1 Accuracy  
Here we compared the accuracies of the classifier models trained with molecular 
descriptors and molecular fingerprints of natural products with in-vitro antiplasmodial 
activities (NAA) and evaluated by a leave-one-out cross-validation. Accuracy may be 
defined, specifically for this study, as the proportion of compounds that were correctly 
classified as active and inactive (i.e. the number of compounds correctly classified divided 
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by the total number of compounds classified multiply by 100). From the results (Table 5.4), 
SMO, VP and RF showed the similar accuracies (≈ 73%) amongst the classifier models 
trained with molecular descriptors of NAA. The NB model was the least (≈ 56%) among 
the classifier models trained with molecular descriptors. Accuracy values for the all 
classifier models, except NB, trained with molecular fingerprints were slightly lower than 
the foregoing accuracy values observed for molecular descriptors trained models. The NB 
model showed increase in the accuracy for the molecular fingerprints trained model 
compared to the molecular descriptors trained model.   
Table 5.4 Parameters from training and leave-one-out cross-validation of the 
classifier models 
Classifier 
Models 
Features 
used to train 
models Sensitivity Specificity Accuracy 
Kappa 
statistics 
Area under 
the ROC 
curve 
Voted 
perceptron 
MF 0.684      0.507 68.406 0.194 0.622 
MD  0.724    0.516 72.404 0.244  0.648 
Naïve Bayesian 
MF 0.695 0.449  69.505  0.257 0.708 
MD 0.561      0.332  56.058  0.182  0.703 
Random Forest 
MF 0.732      0.456  73.214  0.307 0.764 
MD 0.747 0.463  74.711  0.325  0.794 
Sequential 
Minimization 
Optimization 
MF 0.674 0.430  67.445  0.244 0.622 
MD 0.735 0.470  73.461  0.299  0.632 
 
MF: Molecular Fingerprints. MD: Molecular Descriptors 
 
The goal is to identify the classifier model trained with either molecular descriptors 
or molecular fingerprints that is most suitable to predict the bioactivity class of an 
independent NAA test dataset. From the results, we may conclude that RF is the most 
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suitable classifier model for NAA. In addition, RF, SMO and VP classifier models 
performed slight better when trained with the molecular descriptors than the molecular 
fingerprints of the NAA. The NB performed better when trained with the molecular 
fingerprints of NAA. Therefore, molecular descriptors seem to be better than molecular 
fingerprints as feature for training all the classifier models.  
Though accuracy provided an overall estimated of the performance of the classifier 
models, however one limitation to the use of accuracy as a metric for assessing predictive 
performance of classifier models is “accuracy paradox” (i.e. a classifier model with a given 
level of accuracy may have greater predictive power than models with high accuracy). 
Therefore less biased metrics like kappa statistics and area under Receiver Operating 
Curve (ROC) have been suggested as more objective evaluator of the predictive powers 
of classifier models.  
5.5.2.2.2 Kappa statistics 
Kappa statistic is often used as a measure of consistency or agreement between 
the “ground truth” (the actual class of each compound to be classified) and classifier 
models’ classification (the class assigned to the compounds by the classifier model). 
Kappa statistics accounts for the chance of random classification of compounds into the 
two bioactive classes (Active and Inactive). Kappa statistic values of 1 suggest perfect 
agreement between the “ground truth” and classifier models’ classification. The results 
(Table 5.4) showed that the kappa statistics of RF classifier model (trained with either 
molecular descriptors or molecular fingerprints), like its accuracy values, was higher than 
the other classifier models in this study.  For NB classifier model, the kappa statistics of 
the model trained with molecular fingerprints was much higher than that trained with 
molecular descriptors. This showed an improvement in the predictive power of the NB 
classifier model when trained with molecular fingerprints of NAA. Conversely, SMO and VP 
classifier models showed better predictive power when trained with molecular descriptors 
 
 
 
 
 	 138	
as against molecular fingerprints. Judging by the kappa statistics, RF showed the best 
predictive power as similarly observed with the use of accuracy as the evaluator of the 
classifier models.  
5.5.2.2.3 Sensitivity and Specificity   
In order to determine the classifier models’ ability to efficiently identify actual active 
and inactive antimalarial compounds, a measure of sensitivity and specificity respectively 
was conducted for each dataset. An optimum prediction aims to achieve 100% sensitivity 
and specificity. Generally, the sensitivity percentages of all the models were above the 
specificity percentages (Table 5.4). This implies a greater chance of correctly identifying 
active compounds over inactive compounds. A closer look revealed no significant 
difference in the sensitivity and specificity of molecular fingerprints trained models and the 
molecular trained models except for Naïve Bayesian model. In the latter, the training with 
molecular fingerprints led to a model with better sensitivity and specificity than training with 
molecular descriptors. From these results, it may be inferred that the molecular fingerprints 
are better features to consider when training a Naïve Bayesian model for the NAA dataset. 
The disproportionality of inactive compounds in the training set of the NAA dataset (active 
(69%) and the inactive (31%)) may have limited the ability of the models to sufficiently 
learn from the inactive compounds. This may account for the low specificity values 
observed across the classifier models. Though the higher sensitivity observed for the 
classifier models will increase probability of identifying active compounds from a 
compound library, it is however important to also identify and exclude inactive compounds 
from drug discovery campaign. The low specificity values of the classifier models may lead 
to high incidence of false positives (i.e. detecting inactive compounds as active). It is 
therefore expedient for classifier models to minimize false positives (have good specificity) 
amongst bioactive compounds and thus avoid investing resources on compounds that 
may fail along the drug development pipeline (Kola, Landis 2004, Ferri et al. 2013, Roberts 
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et al. 2014, Barnes et al. 2015). Based on desirable sensitivity and specificity, Voted 
Perceptron outperformed the other classifier models.  
Overall, all models showed higher predictive probability for active compounds. 
Amongst the classifier models, only Naïve Bayesian showed difference in sensitivity and 
specificity when trained with molecular fingerprint and molecular descriptors. 
5.5.2.2.4 Area under the Receiver Operating Characteristic curve (AUC) 
Receiver Operating Characteristic (ROC) curve is a graphical plot that shows the 
performance of a binary classifier model as its discrimination threshold is varied (Figure 
5.4). 
 
Figure 5.4 A typical Receiver Operating Curve (ROC) curve for a classifier model.  
Area under the ROC curve (AUC) is a measure of bioactivity class discriminatory power 
of a classifier model. A classifier model that randomly assign bioactivity class to 
compounds will have an AUC of 0.5 (diagonal grey line), while model that perfectly 
predict bioactivity class of compounds will have an AUC of 1 (blue line). The red line is 
the ROC plot for the Naïve Bayesian classifier model with an AUC of 0.70.  
 
 
 
 
 	 140	
 It is a plot of the true positive rate (Sensitivity) against the false positive rate (1 – 
Specificity) at various threshold settings. The area under the ROC curve (AUC) is a 
measure of how well a model can discriminate between two classes in a dataset (e.g. 
active and inactive compounds) (Jiménez‐Valverde 2012). In this study, AUC depicts the 
probability that the active class predicted by the classifier models for a randomly selected 
compound will exceed that of a randomly selected non-active class (Hajian-Tilaki 2013).   
Where the prediction of the bioactivity class of compounds is purely random, the AUC will 
be equal to 0.5 (i.e. the ROC curve will coincide with the diagonal line). When the 
prediction results in perfect separation of the bioactivity class of the compounds, i.e. there 
no overlapping of the distribution of bioactivity class, the area under the ROC curve will be 
one.  
Regarding the features used to train the models of NAA dataset (Table 5.4), there 
was no significant different between the molecular fingerprints trained and molecular 
descriptors trained classifier models. The RF and NB classifier models had higher AUC of 
over 0.70 while the AUC for VP and SMO classifier models was between 0.60 and 0.65. 
For classifier models that showed AUC values above 0.70, this result indicates that these 
classifier models’ predictions result in good separation of the bioactivity class of the 
compounds. Overall, the discriminating powers of the classifier models were thus: RF, NB, 
VP and SMO in decreasing order of discriminating power to predict a bioactive class of the 
compounds. 
5.5.2.3 Prediction of bioactivity class of an independent test set 
The classifiers models (Sequential Minimization Optimization (SMO), Random 
Forest (RF), Voted Perceptron (VP) and Naïve Bayesian (NB)), trained with molecular 
descriptors and molecular fingerprints, were used to predict the bioactivity class of an 
independent test set of natural products with in-vitro antiplasmodial activities (NAA). The 
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performances of the classifier models are reported below using the accuracy and the 
kappa statistics. 
From the results (Figure 5.5), SMO showed the highest accuracy (≈ 78%) amongst 
the classifier models trained with molecular descriptors of NAA. RF and VP displayed 
similar accuracy (≈ 70%) while NB was the least (≈ 58%) among these classifier models 
trained with molecular descriptors.  A different pattern was observed for the same classifier 
models built with molecular fingerprints. Though SMO still had the highest accuracy (74%), 
there was increase in the accuracy of the NB model (73%) trained with the molecular 
fingerprints compared to that trained with molecular descriptors of NAA.   
 
The objective was to identify the classifier model trained with either molecular 
descriptors or molecular fingerprints that best predict the bioactivity class of the 
Figure 5.5 Comparison of prediction accuracy of an independent test set by the 
classifier models. The SMO (Sequential Minimization Optimization) model seems to 
be the most appropriate for the prediction of bioactivity class of natural products with 
potential in-vitro antiplasmodial activity. 
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independent NAA test dataset. From the results, we may conclude that SMO is the most 
suitable classifier model for NAA. In addition, SMO, RF and VP classifier models 
performed well when trained with either the molecular descriptors or molecular fingerprints 
of the NAA while NB performed better when trained with the molecular fingerprint of NAA.  
Kappa statistic values of 1 suggest perfect harmony between the labeled bioactivity 
class and classifier models’ bioactivity classification. The results (Figure 5.6) showed that 
the kappa statistics of SMO classifier model (trained with either molecular descriptors or 
molecular fingerprints) was higher and closer to 1 than the other classifier models in this 
study.  For NB classifier model, the kappa statistics of the model trained with molecular 
fingerprints was much higher than that trained with molecular descriptors. This showed an 
improvement in the predictive power of the NB classifier model when trained with 
molecular fingerprints of NAA while the SMO classifier models does not seem to 
discriminate between the features or variable used to trained the model. A typical case of 
“accuracy paradox” was displayed by VP, which had a higher accuracy (70%) than NB 
(58%) for model trained with molecular descriptors but the kappa statistics showed that the 
predictive power of VP was low. However, the predictive power improved when the 
molecular fingerprints was used to train the VP classifier model.  Conversely, RF showed 
better predictive power when trained with molecular descriptors as against molecular 
fingerprints.  
Judging by the kappa statistics, SMO showed the best predictive power as similarly 
observed with the use of accuracy as the evaluator of the classifier models. There was an 
improvement in predictive powers of all the classifier models (except RF) when molecular 
fingerprints were used as the variables to train the models. Therefore kappa statistics shed 
light into how the classifier models performed and allowed unbiased comparison of the 
classifier models. 
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The knowledge of the classifier models that provide the most accurate prediction of 
desired bioactivity for a particular class of compounds will enable medicinal chemist to pre-
screen compounds prior to the expensive step of synthesis and in-vitro assay. Accurate 
prediction of bioactivity class of compounds will improve decision-making processes in 
antimalarial drug design and development to achieve better and cost-effective outcomes 
(i.e. drug candidate for malaria). 
Figure 5.6 Evaluation of the prediction performances of an independent test set 
by classifier models using kappa statistics. Kappa statistic values of 1 suggest 
perfect agreement between the observed bioactivity class and classifier models’ 
bioactivity classification The SMO (Sequential Minimization Optimization) classifier 
model showed the best agreement (kappa statistics closest to one) between the 
predicted bioactivity classes and the observed bioactivity classes. A higher kappa 
statistic was observed for Naïve Bayesian (NB) and Voted Perceptron (VP) classifier 
model trained with molecular fingerprints in comparison to the same models trained with 
molecular descriptors.  
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5.5.3 Applicability Domain (AD) of the classifier models 
Applicability Domain (AD) of the classifier models refers to the chemical space, 
defined by the training set, within which a test compound should be in order for its 
bioactivity class to be reliably predicted. In this present study, the AD of the models was 
defined with the training and cross-validation dataset and its validity evaluated on the 
independent test dataset. Principal Component Analysis (PCA) was used to define the AD 
of the models and to map the test dataset (active and inactive compounds) in their 
respective chemical spaces.  
Figure 5.7 is the visualization of the first three principal components of the 
compounds in the training and cross-validation dataset (Figure 5.7 (X)) and compounds in 
the independent test dataset (Figure 5.7 (Y)) for the NAA dataset. From this figures, we 
observed that almost all compounds in the test dataset fell within the chemical space or 
AD of the training dataset used to build the classifier models.  
 
Figure 5.7 Visualization of classifier models’ applicability domain (chemical space). 
Active compounds (red dots) and inactive compounds (purple dots) are represented using the 
first three Principal Components. Panel X depict the range of Principal Components of 
compounds in the training set that define the applicability domain (AD). Panel Y shows that 
almost all compounds in the test set fell within the AD of the defined by the training set. 
Therefore, classifier models generated in this study can reliably predict the bioactivity class of 
new compounds that fall within this AD. NAA: natural products with in-vitro 
antiplasmodial activity. 
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The results also revealed no clear boundary between the active and inactive 
compounds in the training dataset and the independent test dataset for NAA dataset. This 
implies some level of chemical structural similarity amid the active and inactive 
compounds in the datasets, which may pose a restriction on the sensitivity and specificity 
of the models. Overall, this analysis enabled the identification of the AD for the models 
built in this study. Therefore the models may reliably predict new compounds that fall 
within this AD.  
5.5.4 Molecular Substructures in the Active and Inactive sets of NAA 
We sought to understand the molecular substructures (or chemical features) 
associated with antiplasmodial activity and inactivity of compounds in the NAA (natural 
products with in-vitro antiplasmodial activities) dataset.  To this end, we used the Molecular 
Substructure (MoSS) node in KNIME to search for most common molecular substructures 
in the active and inactive compounds in NAA dataset.  
A total of 52 most common molecular substructures from active compounds (717 
compounds) and 48 most common molecular substructures from inactive compounds 
(323) were identified. The molecular similarity amongst the substructures from the active 
and inactive compounds were estimated and projected in a three dimensional (3D) space 
(Figure 5.8).  
From these results, most of the substructures from the active and inactive 
compounds overlapped in the 3D space indicating their high molecular similarity.   
However, some of the substructures from the active and inactive compounds occupy 
distinct region of the 3D space (Figure 5.8). These include hydroxyisoquinoline and 
isoquinoline substructures from active compounds and hydroxyflavone from inactive 
compounds. These substructures may be determinants of antiplasmodial activities and 
may guide rational selection and design of active antiplasmodial compounds.  
 
 
 
 
 
 	 146	
 
Figure 5.9 shows the top twelve (12) molecular substructures or chemical features 
in the active and inactive compounds in NAA dataset. From the figure, we observe that the 
amine group (“–NH3”) is the only chemical feature peculiar to the active NAA dataset. This 
suggests that this chemical feature may be imperative for antimalarial activity in the natural 
compounds. The predominance of oxygen based chemical features in the active and 
inactive NAA, as previously observed for natural products (Titarenko et al. 2013), however 
raises a question regarding the mechanism of actions of antiplasmodial activities observed 
in the active NAA.  Overall, though the amine group was peculiar to active compounds in 
NAA, hydroxyl and carbonyl groups may also be relevant for antimalarial activity of the 
compounds within the NAA dataset.  
Figure 5.8 Chemical features from active and inactive compounds from NAA 
dataset.  The blue markers represent most common substructures from active 
compounds (IC50 ≤ 10 µM) while the red markers represents most common 
substructures from inactive compounds (IC50 > 10 µM). The most common 
substructures were projected in a 3D space based on molecular similarity. Some of the 
most common substructures that are peculiar to the active and inactive compounds are 
highlighted. This may guide rational selection and design of active antiplasmodial 
compounds. NAA: natural products with in-vitro antiplasmodial activity. 
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5.5.5 Benefits of models from machine learning (in-silico compound screening) 
Machine learning methodologies were applied to existing antimalarial bioactivity 
data and used to build models that can predict the activity values (regression model) or 
activity classes (Classifier models) of compounds. Such models are valuable in light of the 
wealth of information that has been made available in the public domain and literatures on 
molecular structures and in-vitro antimalarial activity from natural products and synthetic 
compounds. Many more compounds are being discovered or designed and proposed as 
possible antimalarial compounds. In light of the huge costs associated with setting up 
screens for antiplasmodial activities, it would not be economically reasonable to 
comprehensively screen this large repertoire of proposed or designed compounds 
(Sateriale et al. 2014). This problem becomes dire in cases of neglected but perilous 
tropical diseases like malaria. The major challenge within the field relates to assigning 
likely biological activities to potential antimalarial compounds and prioritizing the 
compounds to be validated with expensive in-vitro assays. This is compounded by the low 
hit rate from most in-vitro bioactivity assays (Hughes et al. 2011). The hurdle therefore 
Figure 5.9 Top twelve (12) significant enriched chemical features. The top panel 
(red box) is the active NAA dataset while the bottom panel (blue box) is the inactive 
NAA dataset. Percentage frequencies of chemical features in each dataset are 
inserted for each structure. From the figure, “–NH3” is the only peculiar chemical 
features in the active NAA dataset. NAA: natural products with in-vitro 
antiplasmodial activity. 
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would be to effectively mine large libraries using computational tools. Such data mining 
may enable effective prioritization of compounds for experimental bioactivity screening.  
To illustrate the benefit of the machine learning and the resultant classifier models, 
the Sequential Minimization Optimisation (SMO) classifier model, adjudged the best 
classifier model in this study, was used to screen 20% (11, 356 natural compounds) of a 
private natural product chemical library from InterBioScreen (http://www.ibscreen.com). 
The SMO classifier model predicted 6,927 (≈ 61%) compounds will possess active 
antiplasmodial activities. When the other classifier models were used to screen the same 
chemical library, the decision tree based model, Random Forest, predicted the highest 
proportion of natural product chemical library as active (99%). The neural network based 
model, Voted Perceptron classifier model predicted 96% of the natural product chemical 
library as active while the Naive Bayesian classifier model predicted 64% of the chemical 
library as active. Such compounds predicted as active, which are readily available from 
InterBioScreen and other chemical library may be prioritized and readily purchased for in-
vitro antiplasmodial screening. Therefore optimization of machine learning algorithms 
capable of effective and efficient learning from existing data and predicting biological 
activities in-silico is highly desired and crucial in modern drug discovery.  
5.6 Conclusions 
In this study, we used machine learning as a method to build various antimalarial 
predictive models that can predict the bioactivity value (regression models) or bioactivity 
class (classifier models) of natural products. The regression and classifier models that 
were most suitable for the dataset (natural products with in-vitro antiplamsodial activities) 
were identified. These models were used, in-silico, to annotate potential antimalarial 
compounds in a large natural product library. Such compounds may be prioritized for the 
more expensive in-vitro bioactivity screening.  
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In addition, we generated a pool of chemical features that were present within 
active and inactive natural products with in-vitro antiplasmodial activities (NAA) used in 
this study. Such chemical features from active NAA in conjunction with the molecular 
scaffolds that may be identified from the active NAA could be valuable in designing 
antimalarial specific virtual compound library. Overall, knowledge provided by this study 
could contribute significantly to and accelerate the on-going efforts for antimalarial drug 
discovery, especially from natural products. 
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Chapter Six 
Virtual compound library designed from natural products with antiplasmodial 
activities 
6.1 Abstract 
The generation of a potential antimalarial virtual compound library represents a 
valuable outcome from, or proof of concept of, the chemoinformatics analysis that was 
done on natural products with in-vitro antiplasmodial activities. The outcomes from the 
various chemoinformatics analyses were used as the basis for generating the virtual 
compound library. 
The virtual compound library was generated with an evolutionary algorithm in 
DataWarrior, using the unique scaffolds identified from the natural products with in-vitro 
antiplasmodial activities as templates. The virtual compounds were characterized by 
evaluating selected molecular descriptors in comparison to currently registered 
antimalarial drugs. Other descriptive studies performed include assessment of the toxicity 
profile, diversity of the compound set, similarity to currently registered antimalarial drugs, 
prediction of antiplasmodial activity and synthetic feasibility.   
The average computed total molecular weight was similar for the approved drug like 
virtual compounds (VL_AD) and natural product like virtual compounds (VL_NP) but 
significantly lower (p value <0.05) for CRAD. The clogP, which is the calculated logarithm 
of partition coefficient between n-octanol and water, is a vital physicochemical 
consideration for oral absorption transport and binding to biological targets. There was 
significant difference in the mean clogP of VL_AD and CRAD but there was no significant 
difference between the clogP of VL_NP and CRAD. Given that the average clogP values 
observed for VL_NP and VL_AD were lower than five, as prescribed by Lipinski’s rule of 
five, it is expected that these virtual compounds should show good oral absorption.  
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The average number of hydrogen bond acceptors (HBA) was similar for approved 
drug-like virtual compounds (VL_AD) and natural product-like virtual compounds (VL_NP) 
but significantly lower (p < 0.05) in currently registered antimalarial drugs (CRAD). Overall, 
both VL_AD and VL_NP had mean HBD and HBA that should ensure good absorption. 
Despite no significant difference in the average number of rotatable bonds (NRB) 
between the virtual compounds generated (VL_AD and VL_NP) and CRAD, the average 
polar surface area (PSA) was significantly higher in VL_AD and VL_NP than the CRAD (p 
value < 0.05). The compounds in the VL_AD and VL_NP had average PSA of less than 
140 A2 and as such should have good gastrointestinal absorption and low plasma protein 
binding. The VL_AD had significantly greater (p value < 0.05) number of electronegative 
atoms than the CRAD and VL_NP. This suggests that the compounds in the virtual 
libraries have the potential to interact with macromolecules in Plasmodium to bring about 
the desired antiplasmodial activities. 
We observed that the shape index of CRAD (0.53) was significantly lower than that 
of VL_AD (0.41) and VL_NP (0.44). We previously observed that three dimensionality of 
the compounds may be essential for antiplasmodial activity. 
The average number of chiral centres of VL_AD and VL_NP were higher than in 
CRAD. High number of chiral centres might be a liability when it comes to the synthesis of 
such compounds due to the unavailability of the technology required to separate 
enantiomers of a compound of interest from a reaction mixture. This data was reflected in 
the assessment of synthetic ability.  
A significantly higher proportion of VL_AD and VL_NP (> 90%) do not have 
mutagenic or tumorigenic substructures. This result attests to the potential safety of these 
compounds. However, the absence of these toxic substructures in VL_AD and VL_NP 
does not imply that they would be completely free of any toxic effect. 
A large amount of the virtual compounds generated were structurally diverse from 
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currently registered antimalarial drugs and potentially active antiplasmodial agents. 
Filtering and optimization may lead to a collection of virtual compounds with unique 
chemotypes that may be synthesized and added to screening deck against Plasmodium.  
6.2 Background 
 The discovery of novel small molecules that may be potential antimalarial drug 
leads is highly desirable in light of the emergence of resistance to antimalarial drugs.  
Given the diverse pharmacophoric features and novel scaffolds identified from natural 
products with antimalarial activities (chemoinformatics analysis in chapter 3 and scaffold 
analysis in chapter 4 respectively), it is possible to generate a virtual compound library that 
may lead to potential novel antimalarial compounds. Regression and classification models, 
built from bioactivity data of natural products with antimalarial activities, may be used to 
predict the antimalarial potential of such a virtual compound library. A virtual library of 
novel compounds with potential antimalarial activities and possible new mechanisms of 
action may provide a repository of compounds to counter the incessant resistance of 
Plasmodium spp.  
 A virtual compound library (VCL) consists of 2D or 3D representations of chemical 
compounds and is routinely used in drug discovery for virtual screening (a process 
consisting of testing a large number of chemicals against some biological targets in-silico) 
(Shoichet 2004, Li et al. 2014). Virtual screening (VS) allows molecular interaction 
experiment to be carried out without the actual and sometimes significant expense of wet 
lab materials. This in-silico approach expedites the early stage of the drug discovery 
process as well as streamline and prioritizes the compounds selected for synthesis and 
further pre-clinical drug discovery experiments (Kapetanovic 2008, Ou-Yang et al. 2012).   
 There are two main categories of virtual compound libraries (VCL): diverse 
compound library and targeted/focused compound library. A diverse compound library 
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consists of a general and diverse collection of chemical compounds based for example on 
scaffold diversity and pharmacophore diversity (Grabowski, Baringhaus & Schneider 2008, 
Zhang et al. 2014). Scaffold diversity describes the state where the scaffold elements of 
chemical compounds have variation in three-dimensional (3D) structures. Pharmacophore 
diversity impacts molecular property diversity (including hydrogen bond donors/acceptors, 
polarizable groups, charge distributions, hydrophobic and lipophobic fragments, and 
numerous other properties) amongst the compounds. The diversity within virtual 
compound libraries increase the chance of discovering new types of drug leads that can 
end up being more effective than currently used marketed drugs (Dandapani et al. 2014). 
In contrast to a diversity compound library that has been described as “broad” and 
“shallow,” a target/focused compound library is “narrow” and “deep.” Focused compound 
libraries are composed of a much narrower range of compounds that are concentrated 
around specific chemotypes, molecular species, or classes of compounds (Gardner et al. 
2008). Compound libraries with a targeted/focused oriented design results in focused 
libraries with a limited number of well-defined structures. However both diversity and 
targeted/focused virtual compound libraries need to satisfy a variety of constraints before 
they become marketable drugs (Bennett et al. 2001, Doak et al. 2014). For instance, 
Lipinski’s rules place limits on molecular weight, the number of hydrogen bond donors and 
acceptors, the number of rotatable bonds, and solubility (Lipinski 2004). Applying such 
rules in the design of a virtual compound library acts as a molecular property filter that 
effectively restricts the set of compounds generated to those with drug-like characteristics. 
 The goal of this study was to generate a virtual compound library that contains 
compounds that are drug-like and possess antimalarial activities but are sufficiently 
diverse from currently registered antimalarial drugs. To this end, a “chemical structure 
mutation” algorithm within DataWarrior (Sander et al. 2015) was used to generate diverse 
drug-like virtual compounds from diverse scaffolds of selected natural products with in-
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vitro antiplasmodial activities. The “chemical structure mutation” algorithm in DataWarrior 
uses an evolutionary approach mimicking nature by randomly mutating existing molecular 
structures with tiny changes to create new generations of potentially better structures. 
Criteria were set to ensure the fitness of the newly generated chemical structures to either 
marketed drugs or natural products. The virtual compound library generated was assessed 
based on selected molecular descriptors, molecular similarity to CRAD, toxicity liabilities 
and synthetic feasibility. One of the machine-learning classifier models built in chapter five 
was used to predict the potential antiplasmodial activities of the virtual compound library. 
6.3 Methods 
6.3.1 Selection of input scaffolds  
In the scaffold analysis study (Chapter 4), a set of Murcko scaffolds that were 
unique to the natural products with in-vitro antiplasmodial activities (NAA) were identified. 
These unique scaffolds may have distinctive orientation within drug targets (Bon, 
Waldmann 2010) and with the appropriate functional side chains, may possess novel 
mechanisms of antiplasmodial action. These unique scaffolds from NAA were used as new 
frameworks to generate the virtual compound library. A total of 20 diverse scaffolds from 
these unique scaffolds were selected based on Skelsphere structural fingerprints in 
DataWarrior (Sander et al. 2015). This diverse set of unique scaffolds from the scaffold 
analysis in chapter four was used as input for the evolutionary virtual compound library 
builder. 
6.3.2 Generation of evolutionary virtual compound library 
 The virtual compound library was generated in DataWarrior (Sander et al. 2015) 
using the evolutionary algorithm. The evolutionary algorithm imitates nature by randomly 
modifying the template molecular structures with tiny changes to create new generations 
of potentially better structures. Figure 6.1 shows a typical “Evolutionary Library Dialog” 
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panel of the DataWarrior used to generate the evolutionary virtual compound libraries. As 
starting point, the structures of unique scaffolds from natural products with in-vitro 
antiplasmodial activities were selected. The type of compounds to be created was first set 
to approved drug (which created compounds based on pharmacophoric features of 
currently approved drugs) and later set to natural products (which created compounds 
based on pharmacophoric features of natural products).  
 In the fitness criteria section of the panel of the Evolutionary Library Dialog (Figure 
6.1) the desired compound property portfolio was defined: molecular weight ≤ 400, 
partition coefficient (cLogP) ≤ 4, polar surface area ≤ 120, number of rotatable bonds ≤ 10 
and number of aromatic rings ≤ 2. In addition, the chemical structures of the compounds to 
be generated were set to be dissimilar to currently registered antimalarial drugs (CRAD). 
In other words, we set out to generate compounds with similar antimalarial activities to 
CRAD, but with dissimilar chemical structures to CRAD.  
 Once the process commenced, every generation of molecular structures formed 
were checked for fitness to the criteria that were set and the most promising structures 
that survived served as starting points for the next generation. The mutation algorithm 
performed changes like single atom replacements, atom insertions, bond order changes, 
substituent migrations, ring aromatisations, etc. For any structure being mutated, all 
possible mutations were evaluated regarding how much the change increases or 
decreases the approved drug-likeness or natural-product-likeness. Mutations with a 
change in the desired direction were assigned a higher probability than mutations that 
decrease approved drug-likeness or natural-product-likeness. Mutations, which would 
create high ring strains, were removed from the list.  
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 Figure 6.1 Evolutionary Library Dialog panel of DataWarrior. 
6.3.3 Assessment of the virtual compound library  
6.3.3.1 Molecular Descriptors and Toxicity Profile 
 DataWarrior, running on a Linux platform on a Dell Vostro 2520 computer, was 
employed to calculate structure-related two-dimensional (2D) molecular descriptors for the 
virtual compound libraries (VCL) generated and the currently registered antimalarial drugs 
(CRAD). The summary statistics from the distribution of the molecular descriptors were 
recorded and the statistical difference between VCL and CRAD were evaluated with 
analysis of variance (ANOVA) (significance set at p value < 0.05). The toxicity potential of 
the virtual compound libraries (VCL) generated were also assessed with DataWarrior by 
identifying substructures within the compounds that have been reported to be mutagenic 
and tumorigenic.   
6.3.3.2 Molecular similarity or diversity 
	 DataWarrior was used to evaluate molecular similarity or diversity between the 
virtual compound libraries generated and currently registered antimalarial drugs. First, the 
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SkelSpheres descriptors for the virtual compound library (VCL) generated and the 
currently registered antimalarial drugs (CRAD) were calculated. SkelSpheres descriptors 
encode circular spheres of atoms and a bond into a hashed binary fingerprint of 512 bits 
and also consider stereochemistry; count duplicate fragments and encodes “hetero” 
atoms. Principal component analysis (PCA) was then used to scale the compounds based 
on the SkelSpheres descriptors (Sander et al. 2015). The first three principal components 
generated from the SkelSpheres descriptors for the VCL and CRAD were plotted on a 
three-dimensional (3D) scatter plot. 
6.3.3.3 Prediction of antiplasmodial activities 
 To ascertain the potential antiplasmodial activities of the virtual compound libraries, 
the Sequential Minimization Optimisation (SMO) classifier model, adjudged the best 
classifier model in the machine-learning study (Chapter 5), was used to screen the virtual 
compound library (VCL) generated. Compounds were predicted or classified as active or 
inactive. The proportion of compounds predicted as active were noted. 
6.4 Results and Discussions 
6.4.1 Evolutionary virtual compound library 
 The evolutionary algorithm in DataWarrior, that was used to generate the virtual 
compound library, navigates the vast chemical space based on the molecular structure 
template provided to locate unknown promising compounds. The list of compounds from 
the virtual compound libraries generated with this evolutionary algorithm in DataWarrior is 
presented in Supplementary information 6_1 (see the DVD attached to this thesis). Two 
sets of compound were generated: approved drug like virtual compounds (VL_AD) and 
natural product like virtual compounds (VL_NP). 
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6.4.2 Assessment of the virtual compound library  
 The virtual compound library generated was evaluated and compared to currently 
registered antimalarial drugs (CRAD). Parameters used for the evaluation include 
molecular descriptors, molecular similarity, toxicity liabilities and synthetic feasibility.  
6.4.2.1 Molecular Descriptors  
 The distribution and summary statistics of selected molecular descriptors for the 
virtual libraries and the CRAD are included in Table 6.1 and discussed below. 
6.4.2.1.1 Molecular weight (MW) 
 The average computed total molecular weight was similar for the approved drug like 
virtual compounds (VL_AD) and natural product like virtual compounds (VL_NP) but 
significantly lower (p value <0.05) for CRAD (Table 6.1).  Compounds with higher weights 
are less likely to be absorbed and therefore to ever reach the site of action. Thus, 
optimization strategies to keep molecular weights as low as possible (< 500 Daltons as 
recommended by Lipinski’s rule of five) while increasing bioactivity should be the desire of 
every drug development program. The compounds in VL_AD and VL_NP had molecular 
weight below 500 Daltons therefore should have a chance of absorption after oral 
administration.  
6.4.2.1.2 Calculated logP (clogP) 
 The clogP, which is the calculated logarithm of partition coefficient between n-
octanol and water, is a vital physicochemical consideration for oral absorption transport 
and binding to biological targets (Gleeson et al. 2011). From the results (Table 6.1), there 
was significant difference in the mean clogP of VL_AD and CRAD but there was no 
significant difference between the clogP of VL_NP and CRAD. Given that the average 
clogP values observed for VL_NP and VL_AD were lower than five, as prescribed by 
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Lipinski’s rule of five (Lipinski 2004), it is expected that these virtual compounds should 
show good oral absorption. High clogP values (> 5) come with some liabilities, e.g. 
receptor promiscuity, (Azzaoui et al. 2007, Bender et al. 2007)  poor metabolic clearance 
(Arnott, Planey 2012) and toxicity, (Hughes et al. 2008, Greene et al. 2010). Therefore, it is 
desirable to design virtual compounds with minimal clogP values (Lipinski 2004). 
6.4.2.1.3 Number of hydrogen bond donors and acceptors 
 The results (Table 6.1) showed that the average number of hydrogen bond 
acceptors (HBA) was similar for approved drug-like virtual compounds (VL_AD) and 
natural product-like virtual compounds (VL_NP) but significantly lower (p < 0.05) in 
currently registered antimalarial drugs (CRAD). An analogous pattern was observed for the 
number of hydrogen bond donors (HBD), though there was no significant difference 
between the HBD of VL_NP and HBD of CRAD. The multitude of strongly electronegative 
atoms (especially oxygen) in scaffolds from natural products with in-vitro antiplasmodial 
activities (NAA) used as template to generate the virtual compound library may be 
responsible for the higher numbers of hydrogen bond donors and acceptors (Grabowski, 
Schneider 2007, Singh, Culberson 2010, Lachance et al. 2012, Vasilevich et al. 2012). 
Although HBA and HBD are essential to mediate interactions with macromolecules and 
bring about intended bioactivity, HBA below 5 and HBD below 10 are required for good 
absorption. Overall, both VL_AD and VL_NP had mean HBD and HBA that should ensure 
good absorption.  
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Table 6.1 Summary statistics of selected molecular descriptors (MD) of compounds 
analyzed.  
Molecular 
Descriptors Total Count Outlier Count Mean Value Median p-Value 
Molecular Weight           
CRAD (ref) 24 0 355.63 334.13   
VL_AD 493 93 406.29 391.44 0.009 
VL_NP 492 91 409.83 394.58 0.005 
cLogP           
CRAD (ref) 24 0 3.77 3.20   
VL_AD 493 7 2.28 1.88 0.002 
VL_NP 492 14 2.86 2.55 0.048 
Hydrogen Bond 
Donors           
CRAD (ref) 24 2 1.58 1   
VL_AD 493 8 2.27 2 0.019 
VL_NP 492 9 2.15 2 0.051 
Hydrogen Bond 
Acceptors           
CRAD (ref) 24 0 4.42 4   
VL_AD 493 37 5.83 6 0.000 
VL_NP 492 40 5.56 5 0.002 
Rotatable Bonds           
CRAD (ref) 24 0 4.96 4.5   
VL_AD 493 22 3.85 3 0.126 
VL_NP 492 57 3.80 2 0.108 
Polar Surface Area           
CRAD (ref) 24 1 60.14 54.37   
VL_AD 493 37 84.90 82.37 0.000 
VL_NP 492 27 79.32 75.20 0.002 
Basic Nitrogen           
CRAD (ref) 24 0 1.00 1   
VL_AD 493 6 0.75 1 0.202 
VL_NP 492 6 0.78 1 0.277 
Electronegative 
Atoms           
CRAD (ref) 24 0 5.79 5   
VL_AD 493 4 6.94 7 0.005 
VL_NP 492 41 5.71 5 0.823 
Shape Index           
CRAD (ref) 24 0 0.53 0.53   
VL_AD 493 19 0.41 0.39 0.000 
VL_NP 492 62 0.44 0.43 0.000 
Chiral centre           
CRAD (ref) 24 0 2.67 1   
VL_AD 493 1 7.15 8 0.000 
VL_NP 492 1 7.41 8 0.000 
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Table 6.1 continued 
Molecular 
Descriptors Total Count Outlier Count Mean Value Median p-Value 
Synthetic 
Feasibility           
CRAD (ref) 27 0 0.66 1.00   
VL_AD 494 42 0.24 0.12 0.000 
VL_NP 493 40 0.22 0.07 0.000 
Druglikeness           
CRAD (ref) 24 0 -0.98 -1.12   
VL_AD 493 30 -1.87 -0.50 0.361 
VL_NP 492 40 -2.02 -1.20 0.284 
VL_NP 493 40 0.22 0.07 0.000 
The differences in the molecular descriptors of the virtual compound libraries generated and 
currently registered antimalarial drugs were evaluated with analysis of variance (within 
Datawarrior). Significant difference was set at p value < 0.05.   
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6.4.2.1.4 Number of rotatable bonds (NRB) and Polar Surface Areas  
 The results (Table 6.1) showed that there was no significant difference (p value > 
0.05) in the average number of rotatable bonds (NRB) between the virtual compounds 
generated (VL_AD and VL_NP) and CRAD. However, the average polar surface area 
(PSA) was significantly higher (p value < 0.05) in VL_AD and VL_NP than the CRAD 
(Table 6.1). 
 The polar surface area (PSA) is described as the surface sum over all polar atoms, 
(oxygen, nitrogen, sulfur and phosphorus), including attached hydrogen. PSA is a 
commonly used metric in medicinal chemistry for the optimization of cell permeability for 
effective gastrointestinal absorption (Feng 2002, Veber et al. 2002) and molecules with 
polar surface area greater than 140 A2 are usually believed to have poor gastrointestinal 
absorption (Veber et al. 2002). High PSA may also increase plasma protein binding of 
molecules (Ghafourian, Amin 2013) resulting in their low availability at the sites of action. 
In all, the compounds in the VL_AD and VL_NP had average PSA of less than 140 A2 and 
as such should have good gastrointestinal absorption and low plasma protein binding. 
6.4.2.1.5 Number of basic nitrogen atoms  
 There was no significant difference (p value > 0.05) in the average number of basic 
nitrogen atoms amongst VL_AD, VL_NP and CRAD (Table 6.1). Although basic nitrogen 
atoms may be relevant for antimalarial activities (de Villiers, Marques & Egan 2008, Ramu, 
Baker 1995), the artemisinin-based drugs have however revealed the propensity of other 
electronegative atoms (e.g. oxygen atoms) to elicit antimalarial activities. In general, the 
presence of both electronegative atoms and basic nitrogen atoms on some of the 
compounds in the virtual libraries points to their capacity to bring about antiplasmodial 
effects.    
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6.4.2.1.6 Number of electronegative atoms 
 The VL_AD had significantly greater (p value < 0.05) number of electronegative 
atoms than the CRAD and VL_NP (Table 6.1). Electronegative atoms, particularly sp2-
oxygen atoms, are important for compounds to form hydrogen bonds with 
receptors/enzymes (Kubinyi 2001).  This suggests that the compounds in the virtual 
libraries have the potential to interact with macromolecules in Plasmodium to bring about 
the desired antiplasmodial activities.  
6.4.2.1.7 Shape index 
  Shape index in DataWarrior (Sander et al. 2015) assesses the three-dimensionality 
of compounds. From our results (Table 6.1), we observed that the shape index of CRAD 
(0.53) was significantly lower than that of VL_AD (0.41) and VL_NP (0.44). A shape index 
below 0.5 suggests the presence of three-dimensional (non-flat) scaffolds while a shape 
index above 0.5 suggests the presence of flat scaffolds. The virtual compounds are 
predominantly three-dimensional because the seed scaffolds used to generate the virtual 
compounds were three-dimensional.  We previously observed that three dimensionality of 
the compounds may be essential for antiplasmodial activity (Chapter three). 
 6.4.2.1.8 Number of chiral centres  
Chiral centres (asymmetric) are tetrahedral atoms (usually carbons) that have four 
different substituents and are optically active (levorotatory or dextrorotatory) (Sheldon 
1993). Our results (Table 6.1) showed that the average number of chiral centres of VL_AD 
and VL_NP were higher than in CRAD. A high number of chiral centres may increase 
flexibility of these virtual compounds and their tendency for more interaction with binding 
sites of macromolecules to produce the desired antiplasmodial activities. However, high 
number of chiral centres might be a liability when it comes to the synthesis of such 
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compounds due to the unavailability of the technology required to separate enantiomers of 
a compound of interest from a reaction mixture (Rentsch 2002, Sekhon 2010).  
6.4.2.1.9 Synthetic feasibility (rsynth) 
 Synthetic feasibility estimates how feasible or realistic it is to synthesize the 
compounds analyzed, with 1 being the most synthetically feasible and 0 the least 
synthetically feasible. Our results (Table 6.1) showed that all the VL_AD and VL_NP 
showed mean ‘rsynth’ values (0.22 and 0.24 respectively) that were significantly lower (p 
value < 0.05) than that of CRAD (0.66). A logical explanation for this may the high number 
of chiral centres observed for compounds in VL_AD and VL_NP, which may require 
advanced chemical synthetic techniques and chiral separation technology (Rentsch 2002, 
Sekhon 2010). Synthetic feasibility and cost of synthesis may have significant impact on 
the development and eventual cost of drugs from hit compounds. Therefore virtual 
compounds design strategies should minimized chiral centres to improve synthetic 
feasibility.  
6.4.2.1.10 Novelty of compounds in the virtual libraries 
The novelty of the of compounds in the virtual libraries were assessed by estimating a 
“Fragment-based drug-likeness” score in DataWarrior. The occurrence of the fragments 
(substructures) from each compound in the virtual compound libraries in a collection of 
“drug-fragments” (substructures), generated by shredding 3300 commercial drugs as well 
as 15000 commercially available chemicals (Fluka), was used to estimate the “Fragment-
based drug-likeness” score (Sander et al. 2015). A positive score suggests that the 
compounds contain predominantly fragments that are frequently present in commercial 
drugs and chemicals. 
From the results (Table 6.1), the virtual compounds (VL_AD (-1.87) and VL_NP (-2.02)) 
showed scores that were further away from a positive score as opposed to CRAD (-0.98). 
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The low drug-likeness score observed for the virtual compounds may have stemmed from 
the “not similar to current antimalarial drugs” criteria used to generate the compounds. 
Hence the frequency of occurrence of fragments (substructures) from commercial drugs 
was low in the virtual compounds generated. This may attest to the novelty of these sets of 
compounds. 
6.4.2.2 Toxicity Profile  
 The toxicity assessment located substructures within the virtual compounds 
(VL_AD and VL_NP) and currently registered antimalarial drugs (CRAD) that are 
indicative of a mutagenic and/or tumorigenic risk. Figure 6.2 presents the percentages of 
compounds that were not flagged as mutagenic and tumorigenic in VL_AD, VL_NP and 
CRAD. A significantly higher proportion of VL_AD and VL_NP (> 90%) do not have 
mutagenic or tumorigenic substructures. This result attests to the potential safety of these 
compounds. However, the absence of these toxic substructures in VL_AD and VL_NP 
does not imply that they would be completely free of any toxic effect. Nonetheless, the 
toxicity profile assessment was able to identify potentially toxic compounds in the virtual 
libraries that might fail during antimalarial drug development.  
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6.4.2.3 Molecular similarity  
Molecular similarity analysis was conducted on the virtual compounds that was 
generated in this study and currently registered antimalarial drugs (CRAD). The intentions 
of this analysis were: Firstly, to examine the extent of molecular diversity within the virtual 
compound library and secondly to identify virtual compounds that are structurally diverse 
from CRAD.  
Figure 6.3 depicts the result of the molecular similarity assessment presented as 3D 
plot of the first three principal components from principal component analysis on structural 
descriptors of the virtual compound library and currently registered antimalarial drugs 
(CRAD). It showed that the virtual compound libraries did not form a tight cluster but were 
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Figure 6.2 Proportion of compounds that were predicted as non-mutagenic and 
non-tumorigenic. VL_AD: virtual compound library patterned after approved drugs, 
VL_NP: virtual compound library patterned after natural products and CRAD: Currently 
registered antimalarial drugs.   
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disperse throughout the chemical space. These wide dispersions attest to the diversity of 
the compounds within the virtual libraries. In addition, some of the virtual compounds 
(represented by the red and green markers) were sufficient dispersed away from the 
regions occupied by the CRAD. Such structurally diverse virtual compounds (that were 
later predicted as active antiplasmodial) may be potentially new antimalarial agents with 
novel mechanism of actions. This is particularly relevant in light of recent resistance of 
Plasmodium to CRAD. 
 
 
 
 
Figure 6.3 Molecular similarity amongst the compound sets. The three dimensional 
plot was generated with the first three principal components from Principal Component 
Analysis (PCA) based on structural descriptors. CRAD: Currently registered antimalarial 
drugs: VL_AD: virtual compound library patterned after approved drugs, VL_NP: virtual 
compound library patterned after natural products. The virtual compounds occupied 
new regions in the plot (chemical space).  
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Molecular similarity or diversity evaluations play an important role in medicinal 
chemistry. This is because similar molecules may have similar bioactivity profiles while 
diverse molecules with similar bioactivity suggest novelty in mechanism of action (Bajorath 
et al. 2009, Bon, Waldmann 2010). In addition, compound libraries that consist of diverse 
molecules have greater chance of identifying hits during screening (Leach, Hann 2000, 
Eckert, Bajorath 2007, Li et al. 2014). 
6.4.2.4 Prediction of potential antiplasmodial activities 
 After generating and characterizing virtual compounds from natural products with 
in-vitro antiplasmodial activities, the next logical step was to determine if these virtual 
compounds potentially possess the desired antiplasmodial activities. The sequential 
minimization optimization (SMO) model that was built in chapter five of this thesis was 
used to predict the antiplasmodial activity class (active or inactive) of the virtual 
compounds. The list of virtual compounds and the predicted antiplasmodial activity class 
thereof are presented in Supplementary Information 6_2 on the DVD attached to this 
thesis.  
In summary, a significantly large proportion of the compounds in the VL_AD and 
VL_NP libraries were predicted as potentially active antiplasmodial agents (Figure 6.4). 
These virtual compounds may be further filtered and processed to generate new 
chemotypes that can be added to the current screening deck against Plasmodium.  
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Figure 6.4 Percentages of compounds that were predicted as active and inactive 
antiplasmodial. VL_AD: virtual compound library patterned after approved drugs, VL_NP: 
virtual compound library patterned after natural products. Significant proportion of the 
compounds from both virtual libraries may be potential active antiplasmodial.   
 
6.6 Conclusions 
Novel molecular scaffolds were used to generate a potentially novel virtual 
compound library with likely antiplasmodial activities. Characterization of the virtual 
compounds generated and currently registered antimalarial drugs revealed similarities and 
disparities in key molecular descriptors. Most of the virtual compound library should not 
have tumorigenic and mutagenic substructures. A large number of the virtual compound 
libraries generated were structurally diverse from currently registered antimalarial drugs 
and potentially active antiplasmodial agents. These results from the characterization of the 
virtual compounds will guide the optimization of the process of generating the next set of 
novel antiplasmodial compounds.  
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Chapter seven 
Conclusions and Recommendations 
7.1 Background 
 In order to conclude on the major outcomes from the studies in this project, it is 
expedient to provide context and reiterate the major issues that were addressed by this 
project. Contextually, malaria is a major health burden, especially in Africa, and it is 
compounded with drug resistance that has led to increasing numbers of fatal cases (World 
Health Organization 2011). This accentuates the need to discover or design new 
antimalarial drugs. Natural products with good in-vitro and/or in-vivo antiplasmodial 
activities have been reported (Batista, De Jesus Silva Júnior, Ademir & De Oliveira 2009, 
Frederich, Tits & Angenot 2008, Kaur et al. 2009, Nogueira, Lopes 2011), but most of them 
are yet to make it through the antimalarial drug development pipeline to provide new 
antimalarial drugs.  
 In view of limited resources, the high cost, low prospect and the high cost of failure 
during preclinical and clinical drug development, it is important to identify, as early as 
possible, and prioritize natural products that are most likely to make it through the drug 
development pipeline. In addition, resistance by the causative organism, Plasmodium, to 
current chemotherapy necessitates identification or design of novel compounds with 
unique chemotypes that may have unique mechanisms of action.  
Therefore the goal of this study was to carry out comparative chemoinformatic and 
data mining analysis between the natural products with in-vitro antiplasmodial activities 
(NAA) and current antimalarial drugs (CRAD), which have successfully passed through the 
drug development pipeline, in order to identify NAA with desired “drug-like properties”, 
pharmacokinetic profiles, unique structural features or scaffolds related to activity and 
build antiplasmodial predictive models.  
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 The knowledge from this chemoinformatic and data mining analysis was used to 
design virtual compound libraries that may contain unique compounds with good 
antiplasmodial activities and new mechanism of actions. The resultant knowledge may 
also be used to guide optimization of the NAA with  “drug-like properties” gaps and 
pharmacokinetic liabilities towards the desired drug-like property space and 
pharmacokinetic profile exemplified by the CRAD. 
 To achieve the goal stated above, this project compiled natural products with published 
in-vitro antiplasmodial activities and applied chemoinformatics approaches to characterize, 
prioritize and build predictive models from these compounds. In addition, the outcomes 
from these chemoinformatic analyses were used to design new potentially active 
antimalarial compounds. The overall aim and specific objectives, conclusions and major 
outcomes from the different studies in this project are outlined below.  
7.2 Aim of this project 
This study applied chemoinformatics strategies to natural products with in-vitro 
antiplasmodial activities in order to characterize, prioritize and design novel potentially 
active antimalarial drug candidates.   
7.3 Objectives, Conclusions and Outcomes  
7.3.1 Chemoinformatics profiling of selected natural products with in-vitro 
antiplasmodial activities and currently registered antimalarial drugs. 
Chemoinformatics profiling was performed on natural products with in-vitro 
antiplasmodial activities (NAA) and currently registered antimalarial drugs (CRAD) in order 
to identify NAA with potential to be developed into viable antimalarial drugs.  
Chemoinformatics profiling of NAA and CRAD has led to the development of prioritization 
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protocol and prioritized lists of at least 1000 compounds that may guide decisions and 
facilitate antimalarial drug development from natural products with antiplasmodial 
activities.  From this prioritized list, 42% highly active NAA and 45% active NAA were 
highly prioritized to possess desirable drug-like properties and may be successfully 
developed into antimalarial drugs. Molecular similarity analysis revealed structurally 
diverse NAA that may encompass new antimalarial chemical space and could be 
developed into antimalarial drug candidates with possible different mechanisms of action. 
Structure-activity landscape analysis revealed NAA pairs that form “activity cliffs”, which 
are particular relevant for structural activity relationship (SAR) studies. Finally, this study 
was able to identify NAA with desired drug-like properties and NAA with drug-like 
properties gaps. Promiscuous compounds or “frequent hitters” amongst the NAA were 
also identified. Major outcomes include, prioritized list of natural products with 
antiplasmodial activities (NAA) (Supplementary Information 3_4) (i.e. NAA ranked 
according to their degree of fitness to desired drug-like properties and pharmacokinetic 
profile through the use of a consensus scoring function), structure-activity landscape of 
NAA (Supplementary Information 3_3) and more importantly, a pipeline (KNIME workflow 
that will be provided as a web-based platform) that can characterize and prioritize 
compounds prior to and/or from bioactivity screenings. 
7.3.2 Exploration of scaffolds from natural products with antiplasmodial activities, 
currently registered antimalarial drugs and public malarial screen data. 
Here, scaffold diversity analysis and systematic identification of scaffolds from 
natural products with antiplasmodial activity (NAA) that are different from scaffolds from 
currently registered antimalarial drugs (CRAD) were performed. The Scaffold count and 
cumulative scaffold frequency plots (CSFP) indicated satisfactory molecular scaffold 
diversity of the natural products with in-vitro antiplasmodial activities.  Many of the 
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molecular scaffolds from the NAA were not analogous to those from currently registered 
antimalarial drugs, thereby highlighting the potential novelty of these scaffolds in the 
antimalarial chemical space. Additionally, most of the scaffolds have desirable drug-like 
properties. These novel scaffolds may be used as a framework to design new antimalarial 
focused compound libraries. Scaffold Tree analysis allowed the identification of scaffolds, 
which are chemically consequential entities that may provide starting points for new 
potentially active antimalarial compounds. Major outcomes from this study include, novel 
scaffolds in NAA (Supplementary Information 4) that may be used as a strategic and 
guiding framework for design of new natural product inspired antimalarial compound 
libraries and scaffolds (Supplementary Information 4_1 to Supplementary Information 4_5) 
that may be starting point for synthesis and/or to venture into uncharted biologically 
relevant antimalarial chemical space. 
7.3.3 Machine learning from natural products with in-vitro antiplasmodial activities 
This study focused on development of machine learning regression and 
classification models for natural products with varying in-vitro antiplasmodial activities. 
Selected contemporary machine learning algorithms were used to build various 
antimalarial predictive models that can predict the bioactivity value (regression models) or 
bioactivity class (classifier models) of these natural products. The regression and classifier 
models that were most suitable for the dataset (natural products with in-vitro 
antiplamsodial activities) were identified. These models were used, in-silico, to identify 
potential antimalarial compounds in a large commercial natural products library. Such 
natural products, predicted as active antimalarial, may be prioritized for the more 
expensive stage of antimalarial drug development, synthesis and in-vitro bioactivity 
screening. In addition, a pool of chemical features were generated that were present 
within active and inactive natural products with in-vitro antiplasmodial. Such chemical 
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features from active NAA in conjunction with the molecular scaffolds that may be identified 
from the active NAA could be valuable in designing an antimalarial specific compound 
library. Overall, knowledge provided by this study could contribute significantly to and 
accelerate the on-going efforts for antimalarial drug discovery, especially from natural 
products. The major outcomes of this study were regression model (with correlation 
coefficient greater than 0.8) and classifier model (with predictive accuracy close to 80%) 
that may be effectively used to conduct in-silico screening of large molecular databases for 
potential antiplasmodial agents.  
7.4.4 Virtual compound library designed from natural products with antiplasmodial 
activities. 
This part of the study included the design of virtual compound libraries based on novel 
molecular scaffolds from active natural products with antiplasmodial activities. Virtual 
compound libraries akin to approved drugs and natural products were generated 
(Supplementary Information 6_1 on the DVD attached to this thesis). The molecular 
descriptors of these virtual compound libraries were assessed and compared to currently 
registered antimalarial drugs (CRAD) thereby identifying molecular descriptors that need 
to be optimized to improve drug-likeness of the virtual compounds.  
Assessment of molecular similarity showed that some compounds in the virtual 
compound libraries have unique chemotypes when compared to the currently registered 
antimalarial drugs (CRAD). Some of the novel compounds from the virtual compound 
libraries were predicted to be potentially active antiplasmodial (Supplementary Information 
6_2 on the DVD attached to this thesis) and might be novel antimalarial agents that may 
be developed into antimalarial drug candidates.  
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7.5 Recommendations 
In order to move the work done here forward and use the outcomes from this project 
towards facilitating antimalarial drug development from natural products, we propose the 
following activities:  
 
1. The workflow designed for the characterization and prioritization of natural 
products with antiplasmodial activities should be provided as a web-based 
interface that can be routinely used by the medicinal chemistry community. 
 
2. The list of natural products with in-vitro antiplasmodial activities should be 
continuously updated as soon as data become available. This may reveal more 
novel scaffolds and will also allow more robust regression and classifier models 
to be built from this set of compounds. 
 
3. A consensus predictive model can be designed from the machine learning 
models used in this study in order to improve the accuracy of prediction of 
antiplasmodial bioactivity of natural products. 
 
4. More natural product libraries should be screened, in-silico, with the regression 
and classifier models from this project so as to identify potentially active 
antiplasmodial compounds for in-vitro assay. 
 
5. The generated virtual compound library from the novel scaffolds of natural 
products with in-vitro antiplasmodial activities should be continuously optimized 
to get compounds that are more synthetically feasible, possess desired drug-like 
properties and are potentially active against Plasmodium. 
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Finally, this study applied chemoinformatics strategies and data mining techniques 
to selected natural products with in-vitro antiplasmodial activities to generate resourceful 
knowledge that may facilitate cost effective antimalarial drug design and development from 
natural products. Implementation of the recommendations from this study may expedite 
the actualization of the discovery or design of the “silver bullet” against the dreaded 
malaria.  
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NAME IC50(ug/ml) IC50(uM) PLANTS SOURCE CHEMICAL CLASS (CODE)CHEMICAL CLASS
(+)-Gracilioether H 3.3  Agelas gracilis and Plakinastrella mamillaris oxygenated polyketides
(+)-Gracilioether B 0.5  Agelas gracilis and Plakinastrella mamillaris oxygenated polyketides
(+)-Gracilioether A 10  Agelas gracilis and Plakinastrella mamillaris oxygenated polyketides
(+)-Gracilioether C 10  Agelas gracilis and Plakinastrella mamillaris oxygenated polyketides
Biflavanone (30) 0.157 80% ethanol extract from the outer barkof Ochna integerrima Lour. (Merr.) (Ochnaceae)F Flavonoids
Abruquinone B 1.5 Abrus precatorius F Flavonoids
Kalihinol A 0.0000012 Acanthella sp.
9α-acetoxy-15-hydroxy-8β-(2-methylbutyryloxy)-14-oxo- 4,5-trans-acanthospermolide), 131 2.23 Acanthospermum hispidum harvested in Benin Republic T Terpenes
15-acetoxy-8β-[(2-methylbutyryloxy)]-14-oxo-4,5-cis-acanthospermolide), 130 2.9 Acanthospermum hispidum harvested in Benin Republic T Terpenes
(+)-manzamine A hydrochloride (202) 0.0125 Acanthostrongylophora ingens A Alkaloid
ochrolifuanine A (51) 0.14 Acanthostrongylophora sponge A Alkaloid
8-hydroxymanzamine A 0.006 Acanthostrongylophora sponge A Alkaloid
manzamine Y 0.42 Acanthostrongylophora sponge A Alkaloid
alpha-peroxyachifolid 1 Achillea millefolium S Sesquiterpenes
Atisinium chloride (203) 3.6 Aconitum orochryseum A Alkaloid
7,20-Diisocyanoadociane 0.01448 Adocia sp., Great Barrier reef, Cymbastela hooperi
Natantimal_10_ Alkaloids_86 0.37 aerial part and bulbs of Lycoris traubii (Amaryllidaceae) A Alkaloid
Natantimal_10_ Alkaloids_85 0.67 aerial part and bulbs of Lycoris traubii (Amaryllidaceae) A Alkaloid
Natantimal_10_ Alkaloids_78 0.6 aerial part and bulbs of Lycoris traubii (Amaryllidaceae) A Alkaloid
Ajugarin-1 (126) 23 aerial parts of Ajuga remota, T Terpenes
tagitinin C (139) 0.33 aerial parts of Tithonia diversifolia T Terpenes
3-deoxyaulacocarpin A (131) 4.97 Aframomum zambesiacum D Diterpenes
agelasine J_8_1 6.6 Agelas cf. mauritiana from the Solomon Islands A Alkaloid
agelasine K_8_2 8.3 Agelas cf. mauritiana from the Solomon Islands A Alkaloid
agelasine L_8_3 18 Agelas cf. mauritiana from the Solomon Islands A Alkaloid
(E)-oroidin (9)_8 3.9 Agelas oroides P Peptides
4 hydroxy-5,6,7,3’,5’-pentamethoxyflavone (49) 3.6 Ageratum conyzoides (Asteraceae) F Flavonoids
Ailanthone (148) 0.003 Ailanthus altissima Q Quassinoids
6a-tigloyloxychaparrinone (149) 0.061 Ailanthus altissima Q Quassinoids
(+)-malekulatine 1.5 Albertisia villosa (Menispermaceae) A Alkaloid
(+)-Temuconine 1.5 Albertisia villosa (Menispermaceae) A Alkaloid
(-)-Repandine 1.5 Albertisia villosa (Menispermaceae) A Alkaloid
Cycleanine 1.5 Albertisia villosa (Menispermaceae) A Alkaloid
(+)-Cycleatjehine 1.5 Albertisia villosa (Menispermaceae) A Alkaloid
(+)-Cycleatjehenine 1.5 Albertisia villosa (Menispermaceae) A Alkaloid
Tetrahydropalmatine (77) 32.6 Albizia adinocephala A Alkaloid
budmunchiamine K (237) 0.18 Albizia gummifera C.A.Sm A Alkaloid
5-normethylbudmunchiamine K (239) 0.2 Albizia gummifera C.A.Sm A Alkaloid
9-normethylbudmunchiamine K (241) 0.24 Albizia gummifera C.A.Sm A Alkaloid
6-hydroxybudmunchiamine K (238) 0.29 Albizia gummifera C.A.Sm A Alkaloid
6-hydroxy-5-normethylbudmunchiamine K (240) 0.33 Albizia gummifera C.A.Sm A Alkaloid
(+)-7-bromotrypargine 5.4 Alkaloid from an Australian sponge Ancorina sp A Alkaloid
Aplidiopsamine A 1.65 Alkaloid from Aplidiopsis confluata A Alkaloid
tovophyllin A (50) 0.7 Allanblackia monticola Mildbr. (Clusiaceae) X Xanthones
allanxanthone C (47) 1.3 Allanblackia monticola Mildbr. (Clusiaceae) X Xanthones
mangostin (49) 4.1 Allanblackia monticola Mildbr. (Clusiaceae) X Xanthones
norcowanin (48) 6.3 Allanblackia monticola Mildbr. (Clusiaceae) X Xanthones
Amentoflavone 50.7 Allanblackia montocola, Celaenodendron mexicanum F Flavonoids
Pleiocarpamine 6.44 Alstonia angustifolia (Rt) A Alkaloid
Alstonerine 9.67 Alstonia angustifolia (Rt) A Alkaloid
Alstophylline 12.7 Alstonia angustifolia (Rt) A Alkaloid
11-Methoxyakuammicine 41.3 Alstonia angustifolia (Rt) A Alkaloid
nor-Fluorocurarine 129 Alstonia angustifolia (Rt) A Alkaloid
Villalstonine 0.27 Alstonia macrophylla (Stbk, Rtbk) A
Macrocarpamine 0.36 Alstonia macrophylla (Stbk, Rtbk) A
20-epi-Antirhine 7.51 Alstonia macrophylla (Stbk, Rtbk) A Alkaloid
Macralstonine 8.92 Alstonia macrophylla (Stbk, Rtbk) A Alkaloid
Alstoumerine 13.1 Alstonia macrophylla (Stbk, Rtbk) A Alkaloid
Talcarpine 40.3 Alstonia macrophylla (Stbk, Rtbk) A Alkaloid
Depudecin 0.32 Alternaria brassicicola, Xylaria spp., Nimbya scirpicola
Hemanthamine 0.7 Amaryllidaceae A Alkaloid
coumarin (1) 9 Amburana cearensis (Fabaceae) C Coumarins
Diterpeneperoxide 0.017 Amomum krervanh (St) T Terpenes
Myrtenal 20 Amomum krervanh (St) T Terpenes
Myrtenol 20 Amomum krervanh (St) T Terpenes
trans-Pinocarveol 20 Amomum krervanh (St) T Terpenes
7,8'-linked dioncophylleine D (269) 1.3 Ancistrocladus benomensis Rischer & G.Bringmann A Alkaloid
7,1 0-coupled 5 0-O-demethyl-ent-dioncophylleine A (268) 8.6 Ancistrocladus benomensis Rischer & G.Bringmann A Alkaloid
7,1'-coupled ent-dioncophylleine A (267) 10.5 Ancistrocladus benomensis Rischer & G.Bringmann A Alkaloid
ancistrocongoline-B 0.15 Ancistrocladus congolensis A Alkaloid
ancistroealaine_B 0.52 Ancistrocladus ealaensis A Alkaloid
korupensamine A 0.072 Ancistrocladus korupensis A
Korupensamine B 0.18 Ancistrocladus korupensis
Korupensamine E 2 Ancistrocladus korupensis
Korupensamine A 0.024 Ancistrocladus likoko A Alkaloid
Ancistrolikokines C 0.538 Ancistrocladus likoko A Alkaloid
Ancistrolikokine A 0.14 ANCISTROCLADUS LIKOKO (ANCISTROCLADACEAE) A Alkaloid
Ancistrolikokine B 0.208 ANCISTROCLADUS LIKOKO (ANCISTROCLADACEAE) A Alkaloid
Ancistrobrevine B 2 Ancistrocladus robertsoniorum (St, L) A Alkaloid
Ancistrobertsonine C 4.5 Ancistrocladus robertsoniorum (St, L) A Alkaloid
Ancistrobertsonine D 4.8 Ancistrocladus robertsoniorum (St, L) A Alkaloid
Ancistrobertsonine B 9 Ancistrocladus robertsoniorum (St, L) A Alkaloid
Ancistrobertsonine A 15.9 Ancistrocladus robertsoniorum (St, L) A Alkaloid
ancistrotectorine (14) 0.7 Ancistrocladus tanzaniensis A Alkaloid
ancistrotanzanine C (16) 0.7 Ancistrocladus tanzaniensis A Alkaloid
ancistrocladidine (15) 0.7 Ancistrocladus tanzaniensis A Alkaloid
O-methylancistrocladinine (26) 2 Ancistrocladus tanzaniensis A Alkaloid
5,1 -O,N-dimethylancistrocladine (27) 2 Ancistrocladus tanzaniensis A Alkaloid
Ancistrotectorine 0.1 ANCISTROCLADUS TANZANIENSIS (ANCISTROCLADACEAE) A
Ancistrotanzanine C 0.1 ANCISTROCLADUS TANZANIENSIS (ANCISTROCLADACEAE) A
Ancistrocladidine 0.1 ANCISTROCLADUS TANZANIENSIS (ANCISTROCLADACEAE) A
3'' - O - trans - Cinnamoyl - astilbin 4.6 Andira inermis F Flavonoids
andinermals A_37 6.1 Andira inermis F Flavonoids
Afrormosin 10.91 Andira inermis F Flavonoids
andinermals C_38 17.9 Andira inermis F Flavonoids
Engelitin 21.7 Andira inermis F Flavonoids
Astibilin 23.31 Andira inermis F Flavonoids
andirol A_30 43.9 Andira inermis F Flavonoids
genistein (164) 4.1 Andira inermis F Flavonoids
Calycosin 1.2 Andira inermis (St, L) F Flavonoids
Genistein 2 Andira inermis (St, L) F
Prunetin (212) 50 8.55 Andira inermis (St, L) F Flavonoids
Pratensein (216) 50 Andira inermis (St, L) F Flavonoids
Biochanin A (213) 50 Andira inermis (St, L) F Flavonoids
Formononetin (211) 50 Andira inermis (St, L) F Flavonoids
4-acetoxyanthecotulide (107) 20 Anthemis auriculata T Terpenes
4-hydroxyanthecotulide (106) 20 Anthemis auriculata T Terpenes
4-Hydroxyanthecotulide (128) 7.6 Anthemis auriculata Boiss. (Asteraceae) S Sesquiterpene
Sanguinarine (48) 2.65 Argemone mexicana (Papaveraceae) is widely used in Sudanese traditional medicineA Alkaloid
Natantimal_3_130 18.1 Arrabidaea patellifera F Flavonoids
Natantimal_3_128 23.8 Arrabidaea patellifera F Flavonoids
Natantimal_3_129 26.5 Arrabidaea patellifera F Flavonoids
Natantimal_3_131 40 Arrabidaea patellifera F Flavonoids
Luteolin 11 Artemisia afra F Flavonoids
Dehydrosilibin 1.7 Artemisia annua F Flavonoids
Artemisinin 0.01 Artemisia annua S Sesquiterpenes
ridentin (79) 15.3 Artemisia gorgonum (Asteraceae) collected in Fogo, Cape Verde islands T Terpenes
exiguaflavanone B (159b) 7 Artemisia indica F Flavonoids
Natantimal_10_ isoflavonoid_35 27 Artemisia indica (Asteraceae) F Flavonoids
Exiguaflavone B 0.0106 Artemisia indica (St) F
Exiguaflavone A 0.0108 Artemisia indica (St) F Flavonoids
morusin 4.5 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
cudraflavone B 5.2 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
artonin E 6.4 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
artobiloxanthone 6.9 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
artocarpin 6.9 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
chaplashin 7.7 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
cycloartocarpin 9.9 Artocarpus altilis (Parkinson) Fosberg (Moraceae) F Flavonoids
heteroflavanone C 1.31 Artocarpus champeden Spreng. (Moraceae F Flavonoids
artoindonesianin A-2 1.31 Artocarpus champeden Spreng. (Moraceae F Flavonoids
Artoindonesianin F 0.2 Artocarpus heterophyllus
Artoindonesianin F 0.2 Artocarpus integer (champedak)
 
 
 
 
Natantimal_10_ chromenes_23 1.7 Artocarpus integer (Moraceae) C Chromenes
Natantimal_10_ chromenes_24 8.2 Artocarpus integer (Moraceae) C Chromenes
Natantimal_10_ chromenes_22 9.4 Artocarpus integer (Moraceae) C Chromenes
Cycloartobilo-xanthone 3.7 Artocarpus nobilis and Artocarpus teysmanii X Xanthones
7-demethylartonol E 7.9 Artocarpus rigidus X Xanthones
Natantimal_10_flavonoid_85 2.4 Artocarpus rigidus F Flavonoids
Natantimal_10_flavonoid_86 3.7 Artocarpus rigidus F Flavonoids
Natantimal_10_flavonoid_84 7.9 Artocarpus rigidus F Flavonoids
cycloheterophyllin 0.02 Artocarpus rigidus Blume F Flavonoids
Artocarpones A 0.12 Artocarpus rigidus Blume F Flavonoids
Artocarpones B 0.18 Artocarpus rigidus Blume F Flavonoids
artonin A 0.55 Artocarpus rigidus Blume F Flavonoids
heterophyllin 1.04 Artocarpus rigidus Blume F Flavonoids
artonin F 4.8 Artocarpus rigidus Blume F Flavonoids
cycloartobiloxanthone 8.5 Artocarpus rigidus Blume F Flavonoids
(+)-Nyasol 12 Asparagus africanus (Rt) L Lignans
Muzanzagenin 16 Asparagus africanus (Rt) T Terpenes
Aspidocarpine 0.019 Aspidosperma desmanthum A
Ellipticine 0.073 Aspidosperma vargasii A
Natantimal_10_ polyacetylene_4 0.053 Asteraceae, Tagetes erecta A Alkaloid
Gedunin 0.72 Azadirachta indica (L) Tr Triterpenoid
Nimbinic acid 0.77 Azadirachta indica (L) Tr Triterpenoid
Nimbinin 0.77 Azadirachta indica (L) Tr Triterpenoid
Nimocinol 50 Azadirachta indica (L) Tr Triterpenoid
Meldenin 5.23 Azadirachta indica (L) Tr
azadirone (113) 1.21 Azadirachta indica (Meliaceae) T Terpenes
neemfruitin A (114) 1.74 Azadirachta indica (Meliaceae) T Terpenes
Tingenin B, (22 beta- hydroxytingenone) (144) 0.8 Bacteria Elaeodendron schlechteranum (Celastraceae) T Terpenes
budmunchiamines L4 (74) 14 bark and leaves of Albizia adinocephala A Alkaloid
budmunchiamines L5 (75) 15 bark and leaves of Albizia adinocephala A Alkaloid
caseargrewiins B (143) 3.6 bark of Casearia grewiifolia Vent. (Flacourtiaceae) D Diterpenes
caseargrewiins C (144) 5.2 bark of Casearia grewiifolia Vent. (Flacourtiaceae) D Diterpenes
caseargrewiins A (142) 5.5 bark of Casearia grewiifolia Vent. (Flacourtiaceae) D Diterpenes
rel-(2S,5R,6R,8S,9S,10R,18S,19R)-18,19-diacetoxy-18,19-epoxy-6-methoxy-2-(2-methylbutanoyloxy)cleroda-3,13(16),14-triene (146)6 bark of Casearia grewiifolia Vent. (Flacourtiaceae) D Diterpenes
rel-(2S,5R,6R,8S,9S,10R,18S,19R)-18,19-diacetoxy-18,19-epoxy-6-hydroxy-2-(2-methylbutanoyloxy)cleroda-3,13(16),14-triene (147)6 bark of Casearia grewiifolia Vent. (Flacourtiaceae) D Diterpenes
caseargrewiins D (145) 7.9 bark of Casearia grewiifolia Vent. (Flacourtiaceae) D Diterpenes
holarrhesine (288) 0.97 bark of Funtumia elastica Stapf (Apocynaceae) A Alkaloid
conessine (287) 1.04 bark of Funtumia elastica Stapf (Apocynaceae) A Alkaloid
isoconessimine (289) 3.39 bark of Funtumia elastica Stapf (Apocynaceae) A Alkaloid
Friedelan-3-one (208) 7.7 bark of Harungana madagascariensis Poir. T Triterpene
bisnicalaterine C (113) 0.05 bark of Hunteria zeylanica (Apocynaceae)
Nicalaterine A (114) 0.11 bark of Hunteria zeylanica (Apocynaceae)
scutianthraquinones A_135 1.7 bark of Scutia myrtina (Rhamnaceae) F Flavonoids
scutianthraquinones C_137 4 bark of Scutia myrtina (Rhamnaceae) F Flavonoids
aloesaponarin I (139) 4 bark of Scutia myrtina (Rhamnaceae) F Flavonoids
scutianthraquinonesD_138 5 bark of Scutia myrtina (Rhamnaceae) F Flavonoids
Scutianthraquinones B_136 7.9 bark of Scutia myrtina (Rhamnaceae) F Flavonoids
Racemosol (220) 0.9 Bauhinia malabarica O Others
demethylracemosol (221) 2 Bauhinia malabarica O Others
demethoxymatteucinol 9.5 Bauhinia purpurea L. (Leguminosae) F Flavonoids
bauhinoxepin J (85) 5.8 Bauhinia purpurea L. (Leguminosae). Qu Quinones
bauhinoxepin I (84) 10.5 Bauhinia purpurea L. (Leguminosae). Qu Quinones
cryptobeilic acid A(149) 10 Beilschmiedia cryptocaryoides (Lauraceae) collected from Madagascar T Terpenes
cryptobeilic acid C (151) 12 Beilschmiedia cryptocaryoides (Lauraceae) collected from Madagascar T Terpenes
cryptobeilic acid D (152) 13 Beilschmiedia cryptocaryoides (Lauraceae) collected from Madagascar T Terpenes
tsangibeilin B (153) 14 Beilschmiedia cryptocaryoides (Lauraceae) collected from Madagascar T Terpenes
Dehatrine 0.17 Beilschmiedia madang (W) A
pipyahyine (52) 3.7 Beilschmiedia zenkeri (Lauraceae) A Alkaloid
(R)-1,2-dihydroxytrideca-3,5,7,9,11-pentayne (288) 1.8 Bidens pilosa (Compositae). Ac Acetylenes
1-phenyl-hepta-1,3,5-triyne (287) 37.2 Bidens pilosa (Compositae). Ac Acetylenes
6α,7β-diacetoxyvouacapane 0.019 Bowdichia nitida (Fabaceae) S Sesquiterpenes
Briarellins_136 8 Briareum polyanthes. T Terpenes
Briarellins_135 9 Briareum polyanthes. T Terpenes
Briarellins_134 9 Briareum polyanthes. T Terpenes
Bruceine A 0.011 Brucea javanica (Ft) Q Quassinoids
Bruceantin 0.0008 Brucea javanica (Ft) Q
Brusatol 0.003 Brucea javanica (Ft) Q
Bruceine C 0.005 Brucea javanica (Ft) Q
Bruceine B 0.011 Brucea javanica (Ft) Q
Bruceine D 0.015 Brucea javanica (Ft) Q
Bruceolide 0.451 Brucea javanica (Ft) Q
Bruceacanthinoside 25 Brucea javanica (St) A Alkaloid
Bruceajavanin A 1.1 Brucea javanica (St) Tr Triterpenoid
(–)-Lycorine 0.6 Brunsvigia littoralis (B) A Alkaloid
1,2-Di-O-acetyl-lycorine 1 Brunsvigia littoralis (B) A Alkaloid
Anhydrolycorin-6-one 6.1 Brunsvigia radulosa (B) A Alkaloid
Natantimal_5_207(Bulbineloneside D) 0.41 Bulbine frutescens Qu Quinones
knipholone (208) 0.67 Bulbine frutescens Qu Quinones
joziknipholones A (89) 0.164 Bulbine frutescens Willd. (Asphodelaceae) Qu Quinones
isoknipholone (87) 0.28 Bulbine frutescens Willd. (Asphodelaceae) Qu Quinones
Sodium 4'-O-demethylknipholone 6'-O-sulfate (88) 7.9 Bulbine frutescens Willd. (Asphodelaceae) Qu Quinones
LT1 (244) 1-O-(30S)-hydroxybutanoyllycorin 1.6 bulbs of Lycoris traubii Hayward (Amaryllidaceae) A Alkaloid
caesalpinin H (183) 5.2 Caesalpinia crista L. (Caesalpiniaceae) D Diterpenes
Pinostrobin (181) 120 Cajanus cajan C Chalcones
Natantimal_5_166 14.5 Calycolpus warszewiczianus F Flavonoids
lychnophorolide A (121) 0.8 Camchaya calcarea Kitam. (Asteraceae) S Sesquiterpene
goyazensolide (120) 3.3 Camchaya calcarea Kitam. (Asteraceae) S Sesquiterpene
Isogoyazensolide (123) 4.4 Camchaya calcarea Kitam. (Asteraceae) S Sesquiterpene
5-epi-isogoyazensolide (125) 4.4 Camchaya calcarea Kitam. (Asteraceae) S Sesquiterpene
isocentratherin (124) 5.6 Camchaya calcarea Kitam. (Asteraceae) S Sesquiterpene
5-epi-isocentratherin (126) 8 Camchaya calcarea Kitam. (Asteraceae) S Sesquiterpene
Lanaroflavone 0.48 Campnosperma panamensis F Flavonoids
Lanaroflavone 0.48 Campnosperma panamensis
4-terpinylcannabinolate (30) 2.4 Cannabis sativa (Cannabaceae) C Chromenes
Natantimal_10_ chromenes_32 4 Cannabis sativa (Cannabaceae) C Chromenes
Natantimal_10_ chromenes_34 6.7 Cannabis sativa (Cannabaceae) C Chromenes
6-prenylapigenin 6.7 Cannabis sativa L F Flavonoids
cannabichromanone C (79) 11.4 Cannabis sativa L P Phenolics
5-acetoxy-6-geranyl-3-n-pentyl-1,4-benzoquinone (83) 7 Cannabis sativa L. (Cannabaceae) Qu Quinones
Natantimal_5_237 12.5 Caralluma tuberculata O Others
natantimal_2_Steroid_235 5.7 Caralluma tuberculata N.E.Br. S Steriods
natantimal_2_Steroid_233 6.5 Caralluma tuberculata N.E.Br. S Steriods
natantimal_2_Steroid_232 7.4 Caralluma tuberculata N.E.Br. S Steriods
natantimal_2_Steroid_236 7.5 Caralluma tuberculata N.E.Br. S Steriods
natantimal_2_Steroid_234 9.6 Caralluma tuberculata N.E.Br. S Steriods
Aberrarone A (47) 30.3 Caribbean sea whip Pseudopterogorgia elisabethae (Gorgoniidae) T Terpenes
colombiasin A (48) 31.8 Caribbean sea whip Pseudopterogorgia elisabethae (Gorgoniidae) T Terpenes
Ineupatorolide A 0.019 Carpesium rosulatum (Asteraceae) S Sesquiterpene lactones
Vernodalin 1.4 Carpesium rosulatum (Asteraceae) S Sesquiterpene lactones
Natantimal_6_ 356 2.3 Cassia siamea (Leguminosae) O Others
Natantimal_6_ 357 4.7 Cassia siamea (Leguminosae) O Others
Natantimal_6_ 358 8.6 Cassia siamea (Leguminosae) O Others
Emodin (143) 4 Cassia siamea L. (Fabaceae) F Flavonoids
cassiarin A (245), 0.0235 Cassia siamea Lam. (Leguminosae) A Alkaloid
chrobisiamone A (111) 5.6 Cassia siamea, a Fabaceae species for Rx periodic fever and malaria in IndonesiaF Flavonoids
Podocarpusflavone B 47.13 Celaenodendron mexicanum Ch chromenes
Podocarpusflavone A 49.6 Celaenodendron mexicanum F Flavonoids
norcaesalpinins E (171) 0.09 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
2-acetoxy-3-deacetoxycaesaldekarin E (177) 0.098 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins N (165) 0.12 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
bonducellpins C (180) 0.12 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins F (172) 0.14 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
14(17)-dehydrocaesalmin F (178) 0.2 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
bonducellpins B (179) 0.24 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins B (168) 0.26 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins K (164) 0.4 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
7-acetoxybonducellpin C (181) 0.6 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins ML(156) 0.65 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins F (162) 0.65 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins C (159) 0.76 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins D (160) 0.8 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins A (167) 0.8 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalmins B (173) 0.8 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
 
 
 
 
caesalpinins J(163) 1 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins MD(158) 1 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins P (166) 1.7 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins MJ(155) 1.9 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins D (170) 2 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins MI(154) 2.1 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins MG(152) 2.5 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
1-deacetoxy-1-oxocaesalmin C (182) 2.9 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins MC (157) 3.1 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalmins C (174) 3.4 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins MA (149) 3.5 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins ME(150) 3.6 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesaldekarin E (175) 4 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins MF(151) 4.1 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
norcaesalpinins C (169) 5 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
caesalpinins E (161) 6.5 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
2-acetoxycaesaldekarin E (176) 6.5 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
Caesalpinins MH(153) 7 CH2Cl2 extract of Caesalpinia crista L. D Diterpenes
mollicellins L_302 3.1 Chaetomium brasiliense (Chaetomiaceae) O Others
mollicellins K_301 7 Chaetomium brasiliense (Chaetomiaceae) O Others
mollicellins E_300 7.2 Chaetomium brasiliense (Chaetomiaceae) O Others
mollicellins M_303 8.6 Chaetomium brasiliense (Chaetomiaceae) O Others
mollicellins J_304 12.2 Chaetomium brasiliense (Chaetomiaceae) O Others
mollicellins B_298 12.3 Chaetomium brasiliense (Chaetomiaceae) O Others
mollicellins C_299 22 Chaetomium brasiliense (Chaetomiaceae) O Others
Ceramicine B (89) 0.56 Chisocheton ceramicus T Terpenes
Ceramicine B 0.6 Chisocheton ceramicus L Limonoids
ceramicines C (90) 4.83 Chisocheton ceramicus T Terpenes
ceramicines D (91) 5.06 Chisocheton ceramicus T Terpenes
Natantimal_3_82 17 Chisocheton ceramicus T Terpenes
ceramicine A (92) 100.37 Chisocheton ceramicus T Terpenes
Dysobinin (228) 4.2 Chisocheton siamensis Craib (Meliaceae) T Triterpene
mahonin (229) 5.7 Chisocheton siamensis Craib (Meliaceae) T Triterpene
Natantimal_6_steroidal peroxides 94 6.28 Ciocalapata sp. (Halichondriidae) T Terpenes
Natantimal_6_steroidal peroxides 95 7.13 Ciocalapata sp. (Halichondriidae) T Terpenes
Heptaphylline 5 Clausena harmandiana (Rt) I Indole
Clausarin 0.5 Clausena harmandiana (Rt)
Dentatin 10 Clausena harmandiana (Rt)
Natantimal_6_ 180 12.2 Clausena harmandiana (Rutaceae) A Alkaloid
Natantimal_6_ 179 15.5 Clausena harmandiana (Rutaceae) A Alkaloid
pyrenocoumarins 15_Dentatin 0.5 Clausena harmandiana (Rutaceae) C Coumarins
pyrenocoumarins 14 10 Clausena harmandiana (Rutaceae) C Coumarins
Ophiobolin A 0.528 Cochliobolus heterostrophus T Terpenes
20-epibryonolic acid (95) 4.3 Cogniauxia podolaena (Cucurbitaceae) T Terpenes
cucurbitacin D (94) 7.7 Cogniauxia podolaena (Cucurbitaceae) T Terpenes
Cucurbitacin B (169) 1.6 Cogniauxia podolaena (Cucurbitaceae) is traditionally used in Congo BrazzavilleT Terpenes
20-epibryonolic acid (171) 2 Cogniauxia podolaena (Cucurbitaceae) is traditionally used in Congo BrazzavilleT Terpenes
cucurbitacin D (170) 4 Cogniauxia podolaena (Cucurbitaceae) is traditionally used in Congo BrazzavilleT Terpenes
cucurbitacin B (216) 2.9 Cogniauxia podolaena Baill. (Cucurbitaceae) T Triterpene
20-epibryonolic acid (218) 3.7 Cogniauxia podolaena Baill. (Cucurbitaceae) T Triterpene
cucurbitacin D (217) 7.8 Cogniauxia podolaena Baill. (Cucurbitaceae) T Triterpene
7-Hydroxy-6,8-dimethoxy-2H-1-benzopyran-2-one 7950 Constit. of Artemisia scotina, Azadirachta indica, Fraxinus excelsior and Pterocaulon redolens
Terpenoid benzoquinones and analogues 84 1.8uM-13.9uM Cordia globifera (Boraginaceae) T Terpenes
Terpenoid benzoquinones and analogues 85 2.8uM-13.9uM Cordia globifera (Boraginaceae) T Terpenes
Terpenoid benzoquinones and analogues 86 3.8uM-13.9uM Cordia globifera (Boraginaceae) T Terpenes
Terpenoid benzoquinones and analogues 87 4.8uM-13.9uM Cordia globifera (Boraginaceae) T Terpenes
Terpenoid benzoquinones and analogues 88 5.8uM-13.9uM Cordia globifera (Boraginaceae) T Terpenes
Terpenoid benzoquinones and analogues 89 6.8uM-13.9uM Cordia globifera (Boraginaceae) T Terpenes
protopine (177) 2.78 Corydalis calliantha (Fumariaceae) A Alkaloid
cheilanthifoline 4.29 Corydalis calliantha (Fumariaceae) A Alkaloid
Corynantheidine 41.1 Corynanthe pachyceras (Stbk) A Alkaloid
Corynantheine 81.1 Corynanthe pachyceras (Stbk) A Alkaloid
Corynanthine_Yohimbine 200 Corynanthe pachyceras (Stbk) A Alkaloid
Natantimal_6_ 255 1.1 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
Natantimal_6_ 256 1.2 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
Natantimal_6_ 257 1.3 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
Natantimal_6_ 258 1.4 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
Natantimal_6_ 259 1.5 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
Natantimal_6_ 260 1.6 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
Natantimal_6_ 261 1.7 Cratoxylum maingayi and Cratoxylum cochinchinense (Clusiaceae) X Xanthones
(–)-Augustine 0.14 Crinum amabile (B) A Alkaloid
Medicagenin 0.8 Crotalaria medicagenia F Flavonoids
Crotaramosmin 3.24 Crotalaria ramosissima C Chalcones
Crotaramin 16.92 Crotalaria ramosissima C Chalcones
Crotin 17.01 Crotalaria ramosissima C Chalcones
Natantimal_3_38 7.5 Croton steenkampianus T Terpenes
Natantimal_3_30 11 Croton steenkampianus T Terpenes
Natantimal_3_37 25.2 Croton steenkampianus T Terpenes
Natantimal_3_36 67.3 Croton steenkampianus T Terpenes
Isoneocryptolepine 0.2 Cryptolepine sanguinolenta indoloquinolines
Neocryptolepine 2.6 Cryptolepine sanguinolenta indoloquinolines
Biscryptolepine (279) 0.27 Cryptolepis sanguinolenta (Lindl.) Schltr. (Asclepiadaceae) A Alkaloid
Cryptoquindoline 0.8 Cryptolepis sanguinolenta (Rt) A Alkaloid
Cryptoheptine 0.8 Cryptolepis sanguinolenta (Rt) A
Hydroxycryptolepine 102 Cryptolepis sanguinolenta (Rt) A Alkaloid
Quindoline 229 Cryptolepis sanguinolenta (Rt) A Alkaloid
Cryptolepine 0.031 Cryptolepis sanguinolenta (Rt) A Alkaloid
Methylcryptolepinoate (63) 3.7 Cryptolepis sanguinolenta harvested from Guinea-Bissau A Alkaloid
Polyacetylenes 258 2.2 Cussonia zimmermannii O Others
Gallinamide A (233) 8.4 cyanobacteria Schizothrix sp. (Schizotrichaceae) Pt Peptides
tumonoic acids I_44 2 cyanobacterium Blennothrix cantharidosmum P Peptides
Aerucyclamide B 0.7 cyanobacterium Microcystis aeruginosa PCC 7807 P Peptides
Aerucyclamide C 2.3 cyanobacterium Microcystis aeruginosa PCC 7808 P Peptides
Aerucyclamide D 6.3 cyanobacterium Microcystis aeruginosa PCC 7809 P Peptides
nostocarboline 0.194 cyanobacterium Nostoc 78-12A. P Peptides
Girolline (81) 0.215 Cymbastela cantharella A Alkaloid
Diisocyanoadociane 0.014 Cymbastela hooperi (A Sponge) D Diterpenes
Mustakone (105) 0.64 Cyperus articulatus L. (Cyperaceae) S Sesquiterpene
corymbolone (104) 4.53 Cyperus articulatus L. (Cyperaceae) S Sesquiterpene
4,7-Dimethyl-1-tetralone 0.0862 Cyperus rotundus (T) C Chalcones
Patchoulenone 0.18 Cyperus rotundus (T) S Sesquiterpene
Caryophyllene-16-α-oxide 0.345 Cyperus rotundus (T) S Sesquiterpene
Α-Cyperone (226) 5.5 Cyperus rotundus (T) N Naphthalene
Quercitrin 5.96 0.002 Dacryoedes edulis (Burseraceae) FG
methyl 3,4,5-trihydroxybenzoate 0.37 Dacryoedes edulis (Burseraceae)
Sitosterol 3-O-β-D-glucopyranoside sterol 1.9 Dacryoedes edulis (Burseraceae)
Afzelin 4.59 Dacryoedes edulis (Burseraceae) FG
Quercetin 6.07 Dacryoedes edulis (Burseraceae) FG
(R)-400 -methoxydalbergione (238) 5.8 Dalbergia louvelii O Others
(R)-4' '-methoxydalbergione 5.8 Dalbergia louvelli Q Quinones
7,4' - dihydroxy - 3' - methoxyisoflavone 6.8 Dalbergia louvelli F Flavonoids
isoliquiritigenin 7.8 Dalbergia louvelli C Chalcones
obtusafuran 8.7 Dalbergia louvelli
1 - - (3 - hydroxyphenyl) - 3 - (4 - hydroxy - 2,5 - dimethoxyphenyl)propane 10 Dalbergia louvelli C Chalcones
spirolouveline 10 Dalbergia louvelli C Chalcones
(3R) - 7,2' - dihydroxy - 4',5' - dimethoxyisoflavanone 11 Dalbergia louvelli F Flavonoids
3 - (2,4 - dihydroxy - 5 - methoxy)phenyl - 7 - hydroxycoumarin 12 Dalbergia louvelli Coumarins
dalparvone (152) 24.8 Dalbergia parviflora (Leguminosae) F Flavonoids
discorhabdins A (210) 0.053 deep-water Alaskan sponge species of the genus Latrunculia (Latrunculiidae)A Alkaloid
dihydrodiscorhabdin C 0.13 deep-water Alaskan sponge species of the genus Latrunculia (Latrunculiidae)A Alkaloid
discorhabdins C (211) 2 deep-water Alaskan sponge species of the genus Latrunculia (Latrunculiidae)A Alkaloid
Oxyacanthine 0.31 Dehaasia incrassata (L, Bk) A
Febrifugine 0.0000007 Dichroafebrifuga  (Rt) A Alkaloid
Isofebrifugine 0.0000034 Dichroafebrifuga  (Rt) A Alkaloid
dehydrobrachylaenolide (138) 1.865 Dicoma anomala subsp. gerrardii from the Brits region of North West Province of South AfricaT Terpenes
urospermal A-15-O-acetate (136) 0.8 Dicoma tomentosa (Asteraceae) from Burkina Faso T Terpenes
luteolin (141) 11 Dietary products F Flavonoids
betulinic acid 3-caffeate (206) 0.98 Diospyros quaesita Thwaite T Triterpene
Natantimal_6_ 250 1.3 Diospyros sanza-minika (Ebenaceae) P Phenolics
Natantimal_6_ 249 8.4 Diospyros sanza-minika (Ebenaceae) P Phenolics
Natantimal_6_ 251 11.3 Diospyros sanza-minika (Ebenaceae) P Phenolics
vernodalin (135) 3 Distephanus angulifolius T Terpenes
vernangulide A (132) 3 Distephanus angulifolius T Terpenes
 
 
 
 
vernangulide B (133) 3 Distephanus angulifolius T Terpenes
Natantimal_3_10 3 Distephanus angulifolius (Asteraceae) T Terpenes
Natantimal_3_9 3 Distephanus angulifolius (Asteraceae) T Terpenes
Natantimal_3_8 3 Distephanus angulifolius (Asteraceae) T Terpenes
bartericin A (43) 2.2 Dorstenia barteri var. subtriangularis (Engl.) Hijman & C.C F Flavonoids
4-hydroxylonchocarpin (45) 3.4 Dorstenia barteri var. subtriangularis (Engl.) Hijman & C.C F Flavonoids
stipulin (44) 5.1 Dorstenia barteri var. subtriangularis (Engl.) Hijman & C.C F Flavonoids
kanzonol B 9.6 Dorstenia barteri var. subtriangularis (Engl.) Hijman & C.C F Flavonoids
Natantimal_6_ 175 3 Doryphora sassafras (Monimiaceae) A Alkaloid
Natantimal_6_ 176 4 Doryphora sassafras (Monimiaceae) A Alkaloid
sugiol (133) 1.4 dried fruits of Juniperus seravschanica Komarov (Cupressaceae) D Diterpenes
12,15-dihydroxylabda-8 (17),13-dien-19-oic acid (134) 4.6 dried fruits of Juniperus seravschanica Komarov (Cupressaceae) D Diterpenes
Cedrol (132) 10.2 dried fruits of Juniperus seravschanica Komarov (Cupressaceae) D Diterpenes
Cryptotanshinone (127) 12.5 dried root of Perovskia abrotanoides T Terpenes
Hadranthine A 0.12 Duguetia hadrantha (Stbk) A Alkaloid
3-Methoxysampangine 0.28 Duguetia hadrantha (Stbk) A Alkaloid
Sampangine 0.42 Duguetia hadrantha (Stbk) A Alkaloid
7-deacetoxy-7-oxogedunin (96) 6 Ekebergia capensis T Terpenes
Natantimal_5_121 7 Ekebergia capensis T Terpenes
ekeberins D5_22 137 Ekebergia capensis T Terpenes
endodesmiadiol (51) 15 Endodesmia calophylloides (Guttiferae) T Terpenes
volkensiflavone (57) 15 Endodesmia calophylloides (Guttiferae) T Terpenes
canophyllal (54) 15 Endodesmia calophylloides (Guttiferae) T Terpenes
8-deoxygartanin (58) 16 Endodesmia calophylloides (Guttiferae) T Terpenes
cerin (55) 16 Endodesmia calophylloides (Guttiferae) T Terpenes
friedelin (52) 16 Endodesmia calophylloides (Guttiferae) T Terpenes
morelloflavone (56) 17 Endodesmia calophylloides (Guttiferae) T Terpenes
3 beta-acetoxyoleanolic acid (59) 17 Endodesmia calophylloides (Guttiferae) T Terpenes
canophyllol (53) 17 Endodesmia calophylloides (Guttiferae) T Terpenes
1,8-dihydroxy-3-isoprenyloxy-6-methylxanthone (60) 18 Endodesmia calophylloides (Guttiferae) T Terpenes
pestalactams B (216) 25 endophytic fungus Pestalotiopsis sp A Alkaloid
pestalactams A (215) 25 endophytic fungus Pestalotiopsis sp A Alkaloid
7-alpha-obacunyl acetate (227) 4 Entandrophragma angolense C.DC. (Meliaceae) T Triterpene
erythrabyssin II (32) 6.5 Erythrina abyssinica F Flavonoids
5-Prenylbutein (182) 10.3 Erythrina abyssinica C Chalcones
5-deoxyabyssinin II 13.6 Erythrina abyssinica F Flavonoids
Natantimal_10_ isoflavonoid_34 21 Erythrina abyssinica F Flavonoids
abyssinin-III (77) 5.2 Erythrina abyssinica. F Flavonoids
abyssinone-V (76) 6.1 Erythrina abyssinica. F Flavonoids
Abyssinone-IV (75) 7.7 Erythrina abyssinica. F Flavonoids
Prenylflavanone (79) 9.2 Erythrina fusca F Flavonoids
lonchocarpol A 3.9 Erythrina fusca Lour. (Leguminosae) F Flavonoids
5'-prenylpratensein 6.3 Erythrina sacleuxii F Flavonoids
shinpterocarpin 6.6 Erythrina sacleuxii F Flavonoids
Natantimal_10_ isoflavonoid_16 8.7 Erythrina sacleuxii F Flavonoids
Natantimal_10_ isoflavonoid_15 22.5 Erythrina sacleuxii F Flavonoids
5-hydroxysophoranone 5.3 Erythrina subumbrans Merr. (Leguminosae) F Flavonoids
Vogelin C 6.6 Erythrina subumbrans Merr. (Leguminosae) F Flavonoids
erybraedin A 8.7 Erythrina subumbrans Merr. (Leguminosae) F Flavonoids
erystagallin A 9 Erythrina subumbrans Merr. (Leguminosae) F Flavonoids
lespedezaflavanone B 9.1 Erythrina subumbrans Merr. (Leguminosae) F Flavonoids
soyasapogenol B (207) 10 Erythrina subumbrans Merr. (Leguminosae) T Triterpene
11(13)-dehydroivaxillin (17) 2 EtOAc extracts of Carpesium cernuum T Terpenes
Eupafolin (43) 6.6 Eupatorium perfoliatum (Asteraceae) F Flavonoids
Pasakbumin B 0.02 Eurycoma longifolia Q Quassinoids
Eurycomanone 0.04 Eurycoma longifolia Q Quassinoids
Pasakbumin C 0.093 Eurycoma longifolia Q Quassinoids
Eurycomanol-2-O-β- D -glucopyranoside 1 Eurycoma longifolia (Rt) Q Quassinoids
Eurycomanol 2 Eurycoma longifolia (Rt) Q Quassinoids
7-Methoxy-b-carboline-1-propionic acid 0.314 Eurycoma longifolia (Rt) A Alkaloid
Hazaleamide 43 Fagara rhetza (Bk) FA Fatty acid
fagaronine (14) 0.018 Fagara zanthoxyloides (Rutaceae) A Alkaloid
fagraldehyde (25) 116 Fagraea fragrans (Gentianaceae) collected in Cambodia T Terpenes
gentiopicroside (26) 220 Fagraea fragrans (Gentianaceae) collected in Cambodia T Terpenes
sweroside (27) 221 Fagraea fragrans (Gentianaceae) collected in Cambodia T Terpenes
swertiamarin (28) 44 Fagraea fragrans (Gentianaceae) collected in Cambodia, Enicostemma littorale (Gentianaceae)T Terpenes
KS-501a (256) 9.9 filamentous fungus Acremonium sp. BCC 14080 O Others
Natantimal_6_ 246 0.7uM-27um Flacourtia indica (Flacourtiaceae) P Phenolics
Natantimal_6_ 247 0.7uM-27um Flacourtia indica (Flacourtiaceae) P Phenolics
Natantimal_6_ 248 0.7uM-27um Flacourtia indica (Flacourtiaceae) P Phenolics
Flinderole A (166) 0.08 Flindersia acuminata A Alkaloid
isoborreverine (167) 0.09 Flindersia acuminata A Alkaloid
dimethylisoborreverine (168) 0.02 Flindersia ambionensis A Alkaloid
flinderoles C (170) 0.09 Flindersia ambionensis A Alkaloid
flinderoles B (169) 0.09 Flindersia ambionensis A Alkaloid
Violacein (174) 1 Flindersia ambionensis A Alkaloid
(E)-15,15-diethoxylabda-8(17),12-dien-16-al (73) 24 fruits and leaves of Aframomum latifolium or Aframomum sceptrum (Zingiberaceae)T Terpenes
Aframodial (71) 25 fruits and leaves of Aframomum latifolium or Aframomum sceptrum (Zingiberaceae)T Terpenes
Coronarin B (74) 26 fruits and leaves of Aframomum latifolium or Aframomum sceptrum (Zingiberaceae)T Terpenes
(E)-8(17), 12-labddiene-15,16-dial (72) 48 fruits and leaves of Aframomum latifolium or Aframomum sceptrum (Zingiberaceae)T Terpenes
arborinine (164) 15.8 fruits of Zanthoxylum leprieurii (Rutaceae) F Flavonoids
xanthoxoline (165) 17 fruits of Zanthoxylum leprieurii (Rutaceae) F Flavonoids
butyrolactone 236 18 fungus Aspergillus terreus BCC 4651 P Phenolics
Natantimal_6_ 355 5.1 fungus Emericella rugulosa. O Others
Natantimal_6_ 352 10.3 fungus Favolaschia tonkinensis. O Others
Natantimal_6_ 349 10.3 fungus Favolaschia tonkinensis. O Others
Natantimal_6_ 348 10.3 fungus Favolaschia tonkinensis. O Others
Natantimal_6_ 350 10.3 fungus Favolaschia tonkinensis. O Others
Natantimal_6_ 351 10.3 fungus Favolaschia tonkinensis. O Others
Isariotin F (353) 5.1 fungus Isaria tenuipes O Others
Tetranorditerpenoid dilactones 76 8.00 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 80 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 75 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 78 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 79 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 74 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 77 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Tetranorditerpenoid dilactones 81 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
oidiolactone 82 8.01 Fungus Sclerotinia homoeocarpa T Terpenes
Natantimal_6_ 209 0.5 fungus Septoria pistaciarum A Alkaloid
Mer-NF5003F (117) 0.15 fungus Stachybotrys nephrospora T Terpenes
Natantimal_5_210 1.84 fungus Xylaria sp Qu Quinones
Natantimal_5_211 6.68 fungus Xylaria sp Qu Quinones
apicidin (187) 0.055 Fusarium pallidoroseum P Peptides
Cowanol 1.6 Garcinia cowa (Bk) F Flavonoids
Cowaxanthone 1.5 Garcinia cowa (Bk) F Flavonoids
7-O-Methylgarcinone E 2.5 Garcinia cowa (Bk) F Flavonoids
Cowanin 3 Garcinia cowa (Bk) F Flavonoids
β-Mangostin 3 Garcinia cowa (Bk) F Flavonoids
3beta-hydroxy-glutin-5-ene 31 Garcinia cymosa T Terpenes
garcihombronane D (141) 7.7 Garcinia cymosa (Clusiaceae) T Terpenes
Garciniaxanthone 0.96 Garcinia dulcis (Bk) F Flavonoids
1,7-Dihydroxyxanthone (Euxanthone) 3.88 Garcinia dulcis (Bk) F Flavonoids
Natantimal_10_flavonoid_109 6 Garcinia livingstonei F Flavonoids
ent - naringeninyl - (I - 3?, II - 8) - 4' - O - methylnaringenin 6 Garcinia Livingstonei F Flavonoids
(+)- volkensiflavone 48 Garcinia Livingstonei F Flavonoids
(+)- morelloflavone 64 Garcinia Livingstonei F Flavonoids
Garciniaxanthone (56) 3 Garcinia polyantha X Xanthones
smeathxanthone A (57) 3 Garcinia polyantha X Xanthones
Chefouxanthone (59) 3 Garcinia polyantha X Xanthones
smeathxanthone B (58) 3 Garcinia polyantha X Xanthones
Sciadopitysin 1.4 Ginkgo biloba L F Flavonoids
Ginkgetin 2 Ginkgo biloba L F Flavonoids
isoginkgetin 3.5 Ginkgo biloba L F
bilobetin 6.7 Ginkgo biloba L F
glinoside A (108) 42.3 Glinus oppositifolius T Terpenes
Glinoside A 39 Glinus oppositifolius (Ap) Tr Triterpenoid
liriodenine (13) 2.37 Glossocalyx brevipes (Siparunaceae) A Alkaloid
glyasperin H 33.3 Glycyrrhiza aspera F Flavonoids
Licochalcone A 5.97 Glycyrrhiza L C Chalcones
Gomphostenin-A (66) 9.8 Gomphostemma niveum T Terpenes
Gomphostenin (65) 114.9 Gomphostemma niveum T Terpenes
(-) epigallocatechin gallate 0.079 Green tea extracts F Flavonoids
 
 
 
 
3a,20-lupandiol (119) 19.8 Grewia bilamellata T Terpenes
2a,3b-dihydroxy-olean-12-en-28-oic acid (120) 21.1 Grewia bilamellata T Terpenes
grewin (63) 5.5 Grewia bilamellata Gagnep. (Tiliaceae) C Coumarins
2a,3b-dihydroxyolean-12-en-28-oic acid (212) 8.6 Grewia bilamellata Gagnep. (Tiliaceae) T Triterpene
Nimbolide 1.74 Guarea multiflora Tr Triterpenoid
Dihydrogedunin 2.63 Guarea multiflora Tr Triterpenoid
11-β-Acetoxygedunin 3.11 Guarea multiflora Tr Triterpenoid
quinolone acutine (6) 2.17 Haplophyllum acutifolium A Alkaloid
hapacutine E (7) 3.79 Haplophyllum acutifolium A Alkaloid
(+)-8,11,13-totaratriene-12,13-diol. 0.76 Harpagophytum procumbens D Diterpenes
(+)-8,11,13-abietatrien-12-ol 1 Harpagophytum procumbens D Diterpenes
(+)-8,11,13-abietatrien-12-ol [Ferruginol] 0.95 Harpagophytum procumbens D
Natantimal_10_ chromenes_17 10.5 Harrisonia perforata (Simaroubaceae) C Chromenes
epi-lyfoline (243) 6.7 Heimia salicifolia Link & Otto (Lythraceae) A Alkaloid
Vertine (242) 10.9 Heimia salicifolia Link & Otto (Lythraceae) A Alkaloid
4-phenyl coumarins_39 60.3 Hintonia latiflora (Rubiaceae) C Coumarins
Hirsutellic acid A (192) 8 Hirsutella sp. BCC 1528 P Peptides
Natantimal_3_192 0.2 Holostylis reniformis L Lignan
(7'R,8R,8'S)-30,4,40,5-tetramethoxy-2,70-cyclolignan-7-one (67) 0.2 Holostylis reniformis L Lignans
(7'R,8S,8'R)-4,5-dimethoxy-30,40-methylenodioxy-2,70-cyclolignan-7-one (65) 0.26 Holostylis reniformis L Lignans
Natantimal_3_191 0.32 Holostylis reniformis L Lignan
(7'R,8S,8'R)-30,4,40,5-tetramethoxy-2,70-cyclolignan-7-one (66) 0.32 Holostylis reniformis L Lignans
(7'R,8S,8'S)-3 0,4,4 0,5-tetramethoxy-2,7 0-cyclolignan-7-one (68) 0.63 Holostylis reniformis L Lignans
(7'R,8S,8'S)-30,40-dimethoxy-4,5-methylenodioxy-2,70-cyclolignan-7-one (69) 8 Holostylis reniformis L Lignans
xanthohumol (153) 8.2 hop F Flavonoids
N-isobutyldeca-2,4-dienamide (51) 5.4 Hugonia castaneifolia (Linaceae) A Alkaloid
isoquercitrin 0.0023 Hydrangeae dulcis folium F Flavonoids
Multinoside A 0.0029 Hydrangeae dulcis folium F Flavonoids
Rutin 7.1 Hydrangeae dulcis folium FG Flavonol glycosides
dehydroabietinol (131) 25.6 Hyptis suaveolens T Terpenes
13a-epi-dioxiabiet-8(14)-en-18-ol (188) 0.344 Hyptis suaveolens (L.) Poit. (Lamiaceae) D Diterpenes
(+)-veraguensin (16) 8.3 Illicium floridanum (Illiciaceae) L Lignan
Plakortin (276) 0.4 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
peroxyplakoric B3 ester (277) 1.1 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
manadoperoxides D 5 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
manadoperoxides C 5 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
manadoperoxides A 6 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
manadoperoxides B 6.8 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
plakortone D (279) 8.7 Indonesian sponge Plakortis cfr. Simplex (Plakinidae) En Endoperoxides
Aschernaphthopyrone A (262) 7.3 Insect pathogenic fungus Aschersonia paraphysata X Xanthones
(+)-Maackiain 165 Isol. from Dalbergia oliveri, Derris elliptica, Swartzia madagascarensis, Trifolium repens , Trifolium hybridum , Dalbergia sericea, Artemisia indica
xylariaquinone A 6.68 Isol. from Xylaria sp. PBR-30
Natantimal_6_ 244 0.8 Jacaranda glabra (Bignoniaceae) P Phenolics
Natantimal_6_ 243 0.8 Jacaranda glabra (Bignoniaceae) P Phenolics
Natantimal_6_ 242 1 Jacaranda glabra (Bignoniaceae) P Phenolics
Natantimal_6_ 241 1.5 Jacaranda glabra (Bignoniaceae) P Phenolics
Jacaranone(245) 7.3 Jacaranda glabra (Bignoniaceae) P Phenolics
plakortide F (222) 0.48 Jamaican sponge Plakortis sp. O Others
(S)-(+)-curcuphenol (68) 16.5 Jamaican sponges Didiscus oxeata, Didiscus flavus T Terpenes
ferruginol (195) 4.9 Juniperus procera Hochst. ex Endl. (Cupressaceae) berries D Diterpenes
abieta-7,13-diene (194) 7.4 Juniperus procera Hochst. ex Endl. (Cupressaceae) berries D Diterpenes
(1S,5S,9S,10S,11R,13R)-1,11-dihydroxy-pimara-8(14),15-diene (148) 10.5 Kaempferia marginata D Diterpenes
5-hydroxy-7-methoxyflavone 3.98 Kaempferia parviflora F Flavonoids
5,7,3’,4’-tetramethoxyflavone (50) 4.06 Kaempferia parviflora (Zingiberaceae) F Flavonoids
Natantimal_10_ aurones_10 0.007 Kayser et al F Flavonoids
Natantimal_10_ aurones_9 0.03 Kayser et al F Flavonoids
anthothecol (226) 0.17 Khaya anthotheca C.DC. (Meliaceae) T Triterpene
7-Deacetylkhivorin 5.08 Khaya grandifoliola (Bk, Sd) Tr Triterpenoids
Methylangolensate 5.39 Khaya grandifoliola (Bk, Sd) Tr Triterpenoids
6-O-acetylswietenolide 7.46 Khaya grandifoliola (Bk, Sd) Tr
7α-obacunylacetate (95) 19.5 Khaya grandifoliola (Meliaceae), T Terpenes
2 ,3 ,19 -Trihydroxy-urs-12-20-en-28-oic acid (168) 0.9 Kigelia africana (Bignoniaceae) T Terpenes
Naphthoquinoid (204) 0.15 Kigelia pinnata Qu Quinones
isopinnatal (205) 0.25 Kigelia pinnata Qu Quinones
malabaricone A (360) 8.6 Knema glauca (Myristicaceae). A Alkaloid
casamembrol A (137) 0.57 Laetia procera (Poepp.) Eichler (Flacourtiaceae) D Diterpenes
laetiaprocerine A(138) 0.58 Laetia procera (Poepp.) Eichler (Flacourtiaceae) D Diterpenes
casearlucin A (136) 0.62 Laetia procera (Poepp.) Eichler (Flacourtiaceae) D Diterpenes
laetiaprocerine B(139) 4.44 Laetia procera (Poepp.) Eichler (Flacourtiaceae) D Diterpenes
laetiaprocerine C(140) 4.66 Laetia procera (Poepp.) Eichler (Flacourtiaceae) D Diterpenes
laetiaprocerine D(141) 6.04 Laetia procera (Poepp.) Eichler (Flacourtiaceae) D Diterpenes
domesticulide C (222) 4.1 Lansium domesticum Correa (Meliaceae) T Triterpene
domesticulide B (221) 6 Lansium domesticum Correa (Meliaceae) T Triterpene
azadiradione (224) 6.4 Lansium domesticum Correa (Meliaceae) T Triterpene
methyl 6-acetoxyangolensate (223) 7.2 Lansium domesticum Correa (Meliaceae) T Triterpene
dukunolide C (225) 9.6 Lansium domesticum Correa (Meliaceae) T Triterpene
NDGA (37) 7.7 Larrea tridentata L Lignan
tetralin 38 19.25 Larrea tridentata L Lignan
Natantimal_10_ 34 12 Larrea tridentata (Zygophyllaceae) L Lignan
1a,8b,9b,14a,15b-pentaacetoxy-3b-benzoyloxy-7-oxojatropha-5,12-diene (197) 4.9 Latex of Pedilanthus tithymaloides (L.) Poit. (Euphorbiaceae) D Diterpenes
1a,7,8b,9b,14a,15b-hexaacetoxy-3b-benzoyloxy-5b-hydroxyjatropha-6(7),12-diene (199) 5.8 Latex of Pedilanthus tithymaloides (L.) Poit. (Euphorbiaceae) D Diterpenes
1a,13b,14atrihydroxy-3b,7b-dibenzoyloxy-9b,15b-diacetoxyjatropha-5,11 E-diene (196) 5.9 Latex of Pedilanthus tithymaloides (L.) Poit. (Euphorbiaceae) D Diterpenes
7,8b,9b,14a,15b-pentaacetoxy-3b-benzoyloxy-1a,5b-dihydroxyjatropha-6(7),12-diene (198) 6 Latex of Pedilanthus tithymaloides (L.) Poit. (Euphorbiaceae) D Diterpenes
isobrucein A (103) 0.05 Laumoniera bruceadelpha (Simaroubaceae) T Terpenes
Delaumonones A (101) 0.6 Laumoniera bruceadelpha (Simaroubaceae) T Terpenes
Delaumonones B (102) 1.2 Laumoniera bruceadelpha (Simaroubaceae) T Terpenes
hanphyllin (112) 9.7 Leaves and flowers of Artemisia gorgonum(Asteraceae) collected in Fogo, Cape VerdeS Sesquiterpene
Chrobisiamone A (78) 5.6 leaves of Cassia siamea Lam P Phenolics
Geranylgeraniol (129) 3.7 leaves of Croton lobatus L. (Euphorbiaceae) D Diterpenes
8,11,17,21-tetramethyl-(E,E,E,E)-8,10,17,21-tetraentetracosanoic acid (294) 9.1 leaves of Croton lobatus L. (Euphorbiaceae) O Others
(Z,Z,Z)-9,12,15-Octadecatrienoic acid methyl ester (293) 10.9 leaves of Croton lobatus L. (Euphorbiaceae) O Others
steenkrotin A (130) 9.1 leaves of Croton steenkampianus D Diterpenes
13α-epi-dioxiabiet-8(14)-en-18-ol (120) 0.1 leaves of Hyptis suaveolens T Terpenes
magnoline (260) 0.16 leaves of Michelia figo (Lour.) Sprenge (Magnioliaceae). A Alkaloid
magnolamine (261) 1.28 leaves of Michelia figo (Lour.) Sprenge (Magnioliaceae). A Alkaloid
3-oxolupenal (201) 3.6 leaves of Nuxia sphaerocephala T Triterpene
3b-hydroxy-lupenal (202) 7.2 leaves of Nuxia sphaerocephala T Triterpene
3-oxolupenal (3-oxolup-20(29)-en-30-al) (156) 1.55 leaves of Nuxia sphaerocephala (Loganiaceae) T Terpenes
3β-hydroxylupenal (3β-hydroxylup-20(29)-en-30-al) (157) 4.67 leaves of Nuxia sphaerocephala (Loganiaceae) T Terpenes
(–)-Methyllinderatin (40) 5.6 Leaves of Piper hostmannianum C.DC. var. berbicense (Piperaceae) F Flavonoids
linderatone(41) 10.3 Leaves of Piper hostmannianum C.DC. var. berbicense (Piperaceae) F Flavonoids
3-hydroxy-20(29)-lupen-28-ol (154) 3.2 leaves of Schefflera umbellifera (Araliaceae) T Terpenes
16,17- dihydrobrachycalyxolide (125) 3 leaves of Vernonia amygdalina T Terpenes
8a-(2-methylacryloyloxy)-3-oxo-1-desoxy-1,2-dehydrohirsutinolide-13-O-acetate(118) 4.5 leaves of Vernonia staehelinoidesMart. ex Baker (Asteraceae) S Sesquiterpene
8a-(50-acetoxysenecioyloxy)-3-oxo-1-desoxy-1,2-dehydrohirsutinolide-13-O-acetate (119) 5.5 leaves of Vernonia staehelinoidesMart. ex Baker (Asteraceae) S Sesquiterpene
helenalin-[2-hydroxyethyl-3-methyl)acrylate] (110) 0.19 leaves of Vernoniopsis caudate (Drake) Humbert (Asteraceae) S Sesquiterpene
11a,13-dihydrohelenalin-[2-(1-hydroxyethyl)acrylate] (111) 0.41 leaves of Vernoniopsis caudate (Drake) Humbert (Asteraceae) S Sesquiterpene
helenalin-[2-(1-hydroxyethyl)acrylate] (109) 1 leaves of Vernoniopsis caudate (Drake) Humbert (Asteraceae) S Sesquiterpene
wedelolides A (113) 4.2 leaves of Wedelia trilobata Hitchc S Sesquiterpene
wedelolides B(114) 9.1 leaves of Wedelia trilobata Hitchc S Sesquiterpene
piceid 13.2 Leaves Parthenocissus tricuspidata Planch. (Vitaceae) S Stilbenes
longistylin C 19.2 Leaves Parthenocissus tricuspidata Planch. (Vitaceae) S Stilbenes
longistylin A 34.3 Leaves Parthenocissus tricuspidata Planch. (Vitaceae) S Stilbenes
4-methoxy-flavane-3-ol derivative 81 3.6 Lonchocarpus (Fabaceae) F Flavonoids
Natantimal_6_ 149 9.5 Lonchocarpus subglaucescens (Leguminosae) F Flavonoids
Natantimal_10_ chromenes_26 0.12 Machaerium multiflorum (Fabaceae) C Chromenes
Natantimal_10_ chromenes_25 0.6 Machaerium multiflorum (Fabaceae) C Chromenes
Natantimal_10_ chromenes_27 0.64 Machaerium multiflorum (Fabaceae) C Chromenes
Securinine 5.35 Margaritaria discoidea (Rtbk) P Piperidines
1-methyl-!-carboline 1.5 Marinactinospora thermotolerans, a deep sea isolate. A Alkaloid
Salinosporamide A (45) 0.0115 marine actinomycete Salinispora tropica P Peptides
Carmabin A (195) 4.3 marine cyanobacterium Lyngbya majuscula. P Peptides
dragomabin (196) 6 marine cyanobacterium Lyngbya majuscula. P Peptides
dragonamide A (197) 7.7 marine cyanobacterium Lyngbya majuscula. P Peptides
Malyngolide dimer (286) 19 marine cyanobacterium Lyngbya majuscule (Oscillatoriaceae) En Endoperoxides
viridamides A (37) 5.8 marine cyanobacterium Oscillatoria nigro-viridis P Peptides
venturamide B (194) 5.6 marine cyanobacterium Oscillatoria sp. P Peptides
venturamide A (193) 8.2 marine cyanobacterium Oscillatoria sp. P Peptides
Pycnidione (242) 0.37 marine fungi O Others
halorosellinic acid (145) 13 marine fungus Halorosellinia oceanica BCC 5149 T Terpenes
Aigialomycin D (225) 6.6 marine mangrove fungus Aigialus parvus BCC 5311 O Others
Natantimal_8_ 82 0.2 Marine microorganism Streptomyces sp. H668
Tyramine derivatives 250 38 marine octocoral Muricea austera O Others
 
 
 
 
Tyramine derivatives 249 45 marine octocoral Muricea austera O Others
Gracilioethers B 1.6 to 31 µM Marine sponge Agelas gracilis (Agelasidae) En Endoperoxides
Gracilioethers C 1.6 to 31 µM Marine sponge Agelas gracilis (Agelasidae) En Endoperoxides
Gracilioethers A 1.6 to 31 µM Marine sponge Agelas gracilis (Agelasidae) En Endoperoxides
β-carboline (+)-7-bromotrypargine (217) 5.4 Marine sponge Ancorina sp. (Ancorinidae). A Alkaloid
Diisocyanoadociane (122) 0.01448 marine sponge Cymbastela hooperi, T Terpenes
psammaplysin F (214) 1.4 marine sponge Hyattella sp. (Spongiidae). A Alkaloid
psammaplysin G (213) 20 marine sponge Hyattella sp. (Spongiidae). A Alkaloid
homogentisic acid (354) 12 marine sponge Pseudoceratina sp. (Pseudoceratinidae) O Others
Natantimal_6_ 197_zamamidine A 0.8 marine sponge species Amphimedon A Alkaloid
Natantimal_6_ 195_zamamidine C 9.6 marine sponge species Amphimedon A Alkaloid
Natantimal_6_ 198 12.4 marine sponge species Amphimedon A Alkaloid
Natantimal_6_ 196 16.3 marine sponge species Amphimedon A Alkaloid
Xestoquinone (51) 3 Marine sponge Xestospongia collected in Vanuatu in South Pacific X Xanthones
xestoquinone (212) 1.1 marine sponge, Xestospongia Qu Quinones
trioxacarcins A_235 0.0016 marine Streptomyces sp. isolate B8652 BCC 5149 O Others
trioxacarcins D_236 0.0016 marine Streptomyces sp. isolate B8652 BCC 5149 O Others
Natantimal_5_266 0.2 marine Streptomyces sp. strain H668
nodulisporacid A (56) 10 marine-derived fungus Nodulisporium sp.
12a-epimillettosin (20) 22 Millettia usaramensis F Flavonoids
usararotenoid C 25.8 Millettia usaramensis
Barbigerone (19) 27 Millettia usaramensis F Flavonoids
6a,12a-dehydromillettone 33.3 Millettia usaramensis
minquartynoic acid (8) 3 Minquartia guianensis (Olacaceae). A Alkaloid
5-hydroxy-6-methoxyonychine (185) 11.4 Mitrephora diversifolia (Annonaceae) A Alkaloid
Natantimal_6_ 130 4 Momordica balsamina (Curcubitaceae) T Terpenes
Natantimal_6_ 133 8.7 Momordica balsamina (Curcubitaceae) T Terpenes
Natantimal_6_ 188 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 189 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 194 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 193 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 190 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 186_DINORBATZELLADINE A 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 187_NORBATZELLADINE A 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Natantimal_6_ 191 4.5 Monanchora arbuscula and Clathria calla A Alkaloid
Annonidine F 21 Monodora and Isolona species (Annonaceae) A Alkaloid
6-(3-Methylbut-2-enyl)-1,3-dihydroindol-2-one (1) 21 Monodora and Isolona species (Annonaceae) A Alkaloid
Damnacanthal (219) 9.2 Morinda lucida (Stbk, Rtbk) Qu Quinones
Digitolutein (217) 12.9 Morinda lucida (Stbk, Rtbk) Qu Quinones
Crambescidin 800 0.24 Mycophora sp. Sponge A Alkaloid
Nardosinone 1.4 Nardostachys chinensis S Sesquiterpenes
Nardoperoxide 1.5 Nardostachys chinensis (Rt) S Sesquiterpenes
Naucleaorine (277) 8 Nauclea orientalis (L.) A Alkaloid
3a,23-dihydroxyurs-12-en-28-oic acid (215) 12.7 Nauclea orientalis (L.) T Triterpene
calopeptin (70) 10.7 Nectandra megapotamica L Lignans
calopeptin (21) 3.6 Nectandra megapotamica L Lignan
Natantimal_6_ 148 6.9 Neoraputia magnifica (Rutaceae). F Flavonoids
Natantimal_6_ 147 7.6 Neoraputia magnifica (Rutaceae). F Flavonoids
Plumbagin (224) 0.27 Nepenthes thorelii (Rt) Qu Quinones
2-Methylnaphthazarin (225) 5.79 Nepenthes thorelii (Rt) Qu Quinones
Neurolenin D 0.62 Neurolaena lobata (Wp) S Sesquiterpene
Neurolenin C 0.62 Neurolaena lobata (Wp) S Sesquiterpene
Neurolenin B 0.62 Neurolaena lobata (Wp) S Sesquiterpene
Neurolenin A 0.92 Neurolaena lobata (Wp) S Sesquiterpene
lobatin B (90) 16.51 Neurolaena lobata (Wp) T Terpenes
Alisiaquinone C (25) 0.5 New Caledonian deep water sponge Q Quinones
alisiaquinones C_54 0.9 New Caledonian deep-water sponge X Xanthones
alisiaquinones B_53 50 New Caledonian deep-water sponge X Xanthones
alisiaquinones A_52 50 New Caledonian deep-water sponge X Xanthones
Jaspamine/Jasplakinolide 1 Nippostrongylus braziliensis
Ent-7β Hydroxy-2-oxo-3-cleroden-15-oic acid (65): 4.3 Nuxia sphaerocephala T Terpenes
Ent-18-E-Caffeoyloxy-7β-hydroxy-3-cleroden-15-oic acid (67) 7.3 Nuxia sphaerocephala T Terpenes
Ent-2,7-Dioxo-3-cleroden-15-oic acid (66): 8 Nuxia sphaerocephala T Terpenes
(13S)-Ent-18-E-Coumaroyloxy-8(17)-labden-15-oic acid (68) 11.4 Nuxia sphaerocephala T Terpenes
Ent-15-E-Caffeoyloxy-8(17)-labden-18-oic acid (70) 16 Nuxia sphaerocephala T Terpenes
Ent-18-E-Caffeoyloxy-8(17)-labden-15-oic acid (69) 21 Nuxia sphaerocephala T Terpenes
(13S)-Ent-7β-Hydroxy-3-cleroden-15-oic acid (64): 14.6 Nuxia sphaerocephala T Terpenes
Natantimal_5_171 0.08 Ochna integerrima F Flavonoids
Bacilosarcin A 2.2 octocoral-associated bacterium Bacillus sp. collected in Panama
tatridin A or tavulin (107) 1.5 Oncosiphon piluliferum (L.f.) Kallersjo (Asteraceae) S Sesquiterpene
Tanachin (108) 1.5 Oncosiphon piluliferum (L.f.) Kallersjo (Asteraceae) S Sesquiterpene
Sivasinolide (106) 9.8 Oncosiphon piluliferum (L.f.) Kallersjo (Asteraceae) S Sesquiterpene
isochamaejasmin (159) 7.3 Ormocarpum kirkii (Papilionaceae) F Flavonoids
Natantimal_6_ 155 23.7 Ormocarpum kirkii (Papilionaceae) F Flavonoids
aigialomycin F (297) 0.0109 Paecilomyces sp. (Trichocomaceae, fungus). L Lactones
Natantimal_6_ 294 0.02 Paecilomyces sp. (Trichocomaceae, fungus). L Lactones
aigialomycin B (295) 7 Paecilomyces sp. (Trichocomaceae, fungus). L Lactones
Natantimal_6_ 293 7 Paecilomyces sp. (Trichocomaceae, fungus). L Lactones
Natantimal_5_124 0.54 Parinari capensis T Terpenes
Natantimal_5_125 0.67 Parinari capensis T Terpenes
Beauvericin (188) 1.6 pathogenic fungus Paecilomyces tenuipes BCC 1614 P Peptides
beauvericin A (189) 12 pathogenic fungus Paecilomyces tenuipes BCC 1615 P Peptides
Natantimal_5_144 3.4 Pedilanthus tithymaloides T Terpenes
harmine (95) 8 Peganum harmala
harmaline (96) 25.1 Peganum harmala
palmitine (11) 0.28 Penianthus longifolius. A Alkaloid
jatrorrhizine (12) 0.35 Penianthus longifolius. A Alkaloid
butyraxanthones C_120 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Butyraxanthones B_119 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
butyraxanthones A_118 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Natantimal_3_125 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Natantimal_3_127 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Natantimal_3_124 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Natantimal_3_123 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Natantimal_3_122 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Natantimal_3_126 6 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
butyraxanthones D_121 28 Pentadesma butyracea Sabine (Clusiaceae) F Flavonoids
Voacamine 0.238 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Vobasine 0.471 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Coronaridine 0.498 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Affinisine 1.135 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Voacangine 1.81 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Conopharyngine 2.214 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Voachalotine 2.589 Peschiera fuchsiaefolia (Stbk, Rtbk, S) A Alkaloid
Natantimal_5_167_gossypitrin 10 Phlomis brunneogaleata F Flavonoids
caffeic acid ester derivatives (7) 38.9 Phlomis brunneogaleata (Lamiaceae) C Coumarins
caffeic acid ester derivatives (8) 90 Phlomis brunneogaleata (Lamiaceae) C Coumarins
Justicidin B (227) 9 Phyllanthus piscatorum O Others
picraline 0.9 Picralima nitida growing in Nigeria A Alkaloid
akuammiline 0.9 Picralima nitida growing in Nigeria A Alkaloid
akuammine 0.9 Picralima nitida growing in Nigeria A Alkaloid
akuammidine 0.9 Picralima nitida growing in Nigeria A Alkaloid
akuammigine 0.9 Picralima nitida growing in Nigeria A Alkaloid
alstonine (15) 0.9 Picralima nitida growing in Nigeria A Alkaloid
akuammicine 0.9 Picralima nitida growing in Nigeria A Alkaloid
10-epi-uveoside (231) 5.1 Picramnia antidesma O Others
Neosergeolide (220) 0.002 Picrolemma sprucei Hook.f. (Simaroubaceae) T Triterpene
Natantimal_3_155 12.7 Piper glabratum and P. acutifolium O Others
Natantimal_3_156 16.3 Piper glabratum and P. acutifolium O Others
Natantimal_3_181 7 Piper heterophyllum and P. aduncum O Others
Natantimal_3_182 15 Piper heterophyllum and P. aduncum O Others
(-)-Methyllinderatin(183) 5.64 Piper hostmannianum C Chalcones
Hostmanin C 68.4 Piper hostmannianum
Hostmanin A 101.27 Piper hostmannianum
2'E,6'E 2-farnesyl hydroquinone (76) 1.37 Piper tricuspe C.DC. (Piperaceae) P Phenolics
Dictyochromenol (75) 9.58 Piper tricuspe C.DC. (Piperaceae) P Phenolics
(+)-catechin 3-gallate 1 Piptadenia pervillei Vatke (Fabaceae) F Flavonoids
(+)-catechin 5-gallate 1.2 Piptadenia pervillei Vatke (Leguminosae) F Flavonoids
3-methoxycarpachromene (151) 3.4 Pistacia atlantica (Anacardiaceae) F Flavonoids
plakortide M methyl ester (224) 8 Plakortis halichondrioides O Others
isopimarane 132 24.6 Platycladus orientalis T Terpenes
Natantimal_2_191 3.1 Plectranthus species (Lamiaceae) D Diterpenes
Natantimal_2_189 4.6 Plectranthus species (Lamiaceae) D Diterpenes
 
 
 
 
Natantimal_2_193 4.7 Plectranthus species (Lamiaceae) D Diterpenes
Natantimal_2_190 5.3 Plectranthus species (Lamiaceae) D Diterpenes
Natantimal_2_192 6 Plectranthus species (Lamiaceae) D Diterpenes
Natantimal_3_81 16 Plocamium cornutum (Turner) Harvey (Plocamiaceae) T Terpenes
Tubulosine 0.006 Pogonopus tubulosus (Bk) A Alkaloid
Cephaeline 0.027 Pogonopus tubulosus (Bk) A Alkaloid
Psychotrine 0.14 Pogonopus tubulosus (Bk) A Alkaloid
Marcanine A (103) 10.5 Polyalthia viridis Craib (Annonaceae) Qu Quinones
Chalcones (38 ) 2.4 Polygonum senegalense Meisn. (Polygonaceae) F Flavonoids
Chalcones (39) 9.5 Polygonum senegalense Meisn. (Polygonaceae) F Flavonoids
4-nerolidylcatechol 0.67 Pothomorphe peltata D
4-Nerolidylcatechol (77) 0.67 Pothomorphe peltata (L.) Miq. (Piperaceae) P Phenolics
Primin (82) 10.9 Primula obconica Hance. (Primulaceae) Qu Quinones
Heptyl prodigiosin (73) 0.015 proteobacteria from a marine tunicate in the Philippines A Alkaloid
7-deacetylgedunin (230) 3.1 Pseudocedrela kotschyi Harms (Meliaceae) T Triterpene
7-deacetyl-7-oxogedunin (231) 4.1 Pseudocedrela kotschyi Harms (Meliaceae) T Triterpene
azaanthracene alkaloid 31 42.92 Pseudoxandra cuspidata bark A Alkaloid
N-methylapateline (264) 1.1 Pseudoxandra cuspidata Maas (Annonaceae) bark A Alkaloid
1S,1'R-rodiasine (262) 1.14 Pseudoxandra cuspidata Maas (Annonaceae) bark A Alkaloid
1,2-dehydroapateline (265) 1.63 Pseudoxandra cuspidata Maas (Annonaceae) bark A Alkaloid
psychorubrin 0.5 Psychotria camponutans and Psychotria rubra
ellagic acid 0.3 Punica granatum L. (Lythraceae) T Tannins
gallagic acid (72) 7.5 Punica granatum L. (Lythraceae) T Tannins
punicalagin (73) 8.8 Punica granatum L. (Lythraceae) T Tannins
talaumidin (32) 20.7 Pycnanthus angolensis (Myristicaceae) L Lignan
Samaderines X 0.015 Quassia indica (St) Q Quassinoids
Samaderines Z 0.071 Quassia indica (St) Q Quassinoids
Samaderines E 0.21 Quassia indica (St) Q Quassinoids
Samaderines B 0.071 Quassia indica (St) Q
Natantimal_6_ 343 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 346 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 347 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 335 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 342 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 334 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 333 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 341 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 337 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 339 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 340 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 332 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 338 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 344 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 345 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 336 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
Natantimal_6_ 331 0.3 to 56 µM red alga Callophycus serratus (Solieriaceae) O Others
1(10) E,5E-germacradien4α-ol (129) 1.54 Reneilmia cincinnata T Terpenes
5E,10(14)-germacradien-1β,4β-diol (128) 1.63 Reneilmia cincinnata T Terpenes
oplodiol (127) 4.17 Reneilmia cincinnata T Terpenes
Crypthophilic acid C (297) 4.1 Resin of Scrophularia cryptophilla Boiss. & Heldr. O Others
Iridal (111) 1.8 ris germanica L T Terpenes
melosmine (257) 10.4 Rollinia pittieri Saff. and Pseudomalmea boyacana A Alkaloid
Atherospermidine (258) 12.8 Rollinia pittieri Saff. and Pseudomalmea boyacana A Alkaloid
Isomoschatoline (259) 27.8 Rollinia pittieri Saff. and Pseudomalmea boyacana A Alkaloid
styracifolin B (87) 1.12 root bark of Artocarpus styracifolius F Flavonoids
caesaldekarin C (110) 30.69 root bark of Caesalpinia volkensii from Kenya T Terpenes
deoxycaesaldekarin C (109) 30.33 root bark of Caesalpinia volkensii from Kenya T Terpenes
8-hydroxyheptadeca-1-ene-4,6-diyn-3-yl ethanoate (302) 1.4 root bark of Cussonia zimmermannii O Others
16-acetoxy-11-hydroxyoctadeca-17-ene-12,14-diynylethanoate (303) 2.2 root bark of Cussonia zimmermannii O Others
ent-naringeninyl-(I-3a,II-8)-40-O-methylnaringenin (37) 6.7 root bark of Garcinia livingstonei T.Anderson (Clusiaceae) F Flavonoids
Bazouanthrone (98) 1.8 root bark of Harungana madagascariensis Poir. (Clusiaceae) Qu Quinones
harunganin (100) 2.7 root bark of Harungana madagascariensis Poir. (Clusiaceae) Qu Quinones
Harunganol A (101) 3.7 root bark of Harungana madagascariensis Poir. (Clusiaceae) Qu Quinones
harunganol B (102). 3.7 root bark of Harungana madagascariensis Poir. (Clusiaceae) Qu Quinones
feruginin A (99) 5 root bark of Harungana madagascariensis Poir. (Clusiaceae) Qu Quinones
matayosides D(300) 3.5 root bark of Matayba guianensis Aubl. (Sapindaceae) O Others
matayosides B(299) 4.7 root bark of Matayba guianensis Aubl. (Sapindaceae) O Others
matayosides A (298) 8.1 root bark of Matayba guianensis Aubl. (Sapindaceae) O Others
2-O-E-p-coumaroyl alphitolic acid (204) 1.5 root bark of Ziziphus cambodianus Pierre (Rhamnaceae) T Triterpene
3-O-vanillylceanothic acid (203) 5.8 root bark of Ziziphus cambodianus Pierre (Rhamnaceae) T Triterpene
zizyberenalic acid (205) 6.6 root bark of Ziziphus cambodianus Pierre (Rhamnaceae) T Triterpene
5'-O-demethylhamatine (270) 2.5 roots of a recently discovered Ancistrocladus taxon A Alkaloid
6-O-demethylancistroealaine A (272) 4.4 roots of a recently discovered Ancistrocladus taxon A Alkaloid
5-epi-6-O-methylancistrobertsonine A (274) 4.4 roots of a recently discovered Ancistrocladus taxon A Alkaloid
6-O-demethylancistrobrevine A (276) 5 roots of a recently discovered Ancistrocladus taxon A Alkaloid
6,5'-O,O-didemethylancistroealaine A (273) 5.4 roots of a recently discovered Ancistrocladus taxon A Alkaloid
5-epi-40-O-demethylancistrobertsonine C (275) 6.2 roots of a recently discovered Ancistrocladus taxon A Alkaloid
5'-O-demethylhamatinine (271) 7.2 roots of a recently discovered Ancistrocladus taxon A Alkaloid
cochinchinone C (52) 6.3 roots of Cratoxylum cochinchinense Blume (Clusiaceae) X Xanthones
5-O-methylcelebixanthone (51) 8.9 roots of Cratoxylum cochinchinense Blume (Clusiaceae) X Xanthones
dehydrodiconiferyl dibenzoate (226) 12 roots of Euterpe precatoria O Others
20-epi-isoiguesterinol (211) 0.16 roots of Garcinia polyantha Oliv T Triterpene
Isoxanthochymol (81) 2.2 roots of Garcinia polyantha Oliv P Phenolics
Garcinane (209) 3 roots of Garcinia polyantha Oliv T Triterpene
Guieranone A (301) 4.1 roots of Guiera senegalensis J. F. Gmel O Others
10-(chrysophanol-70-yl)-10-(x)-hydroxychrysophanol-9-anthrone (91) 0.5 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
Chryslandicin (92) 1 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
3-geranyloxyemodin anthrone (95) 1.68 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
3-prenyloxyemodin anthrone (96) 1.98 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
bianthrone 1a (94) 2.53 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
Glaberianthrone (93) 2.94 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
2-geranyl-emodin (97) 5.34 roots of Kniphofia foliosa Hochst. (Asphodelaceae). Qu Quinones
bidebiline E (256) 7.7 roots of Polyalthia cerasoides A Alkaloid
Quinone methides 203 0.027 roots of Salacia kraussii. Qu Quinones
Quinone methides 202 0.094 roots of Salacia kraussii. Qu Quinones
2-hydroxymethyl-non-3-ynoic acid 2-[2,2']-bithiophenyl-5-ethyl ester (290) 0.053 roots of Tagetes erecta (Compositae) Ac Acetylenes
ziziphine Q (290) 5.9 roots of Thai Ziziphus oenoplia L. Mill. var. brunoniana O Others
ziziphine N (290) 6.4 roots of Thai Ziziphus oenoplia L. Mill. var. brunoniana O Others
Dehydrodiscretine (33) 0.64 roots of Thalictrum faberi A Alkaloid
norcorydine (36) 3.08 roots of Thalictrum faberi A Alkaloid
Habropetaline A (30) 0.005 roots of Triphyophyllum peltatum, A Alkaloid
isoimperatorin (62) 2.7 roots of Zanthoxylum flavum Vahl. (Rutaceae) C Coumarins
12,16-dideoxy aegyptinone B (147) 1.4 roots of Zhumeria majdae T Terpenes
Rugosal 1 Rosa rugosa S Sesquiterpenes
rourinoside (71) 2.1 Rourea minor (Gaertn.) Aubl. (Connaraceae) L Lignans
Isoiguesterol 0.0229 Salacia kraussii (Rt) Tr Triterpenoid
iguesterin 0.094 Salacia kraussii (Rt) Tr Triterpenoid
Celastrol 0.1809 Salacia kraussii (Rt) Tr Triterpenoid
Pristimerin 0.1904 Salacia kraussii (Rt) Tr Triterpenoid
28-Hydroxyisoiguesterin 0.142 Salacia kraussii (Rt) Tr Triterpenoids
Isoiguesterol 0.0541 Salacia kraussii (Rt) Tr
Pristimerin 0.27 Salacia kraussii (Rt) Tr
20-epi-isoiguesterinol (101) 0.068 Salacia madagascariensis (Celastraceae) T Terpenes
Isoiguesterin (100) 0.17 Salacia madagascariensis (Celastraceae) T Terpenes
betulafolientriol oxide (39) 10.4 Salvia radula (Lamiaceae) T Terpenes
salvigenin (40) 74.9 Salvia radula (Lamiaceae) T Terpenes
betulafolientriol oxide (219) 10.4 Salvia radula Epling (Lamiaceae) T Triterpene
berkleasmins C_6_11 5.4 saprobic fungus Berkleasminum nigroapicale T Terpenes
berkleasmins A_6_10 6 saprobic fungus Berkleasminum nigroapicale T Terpenes
sarachine (219) 0.025 Saracha punctata O Others
dictyophlebine (285) 2.4 Sarcococca hookeriana Baill. (Buxaceae) A Alkaloid
sarcovagine C (284) 3.4 Sarcococca hookeriana Baill. (Buxaceae) A Alkaloid
hookerianamide H (281) 3.5 Sarcococca hookeriana Baill. (Buxaceae) A Alkaloid
hookerianamide I (282) 6.6 Sarcococca hookeriana Baill. (Buxaceae) A Alkaloid
Na-methylepipachysamine D (283) 10.3 Sarcococca hookeriana Baill. (Buxaceae) A Alkaloid
ent-kaur-16-en-19-oic acid (67) 106.5 Schefflera umbellifera (Araliaceae) T Terpenes
Okundoperoxide (140) 0.47 Scleria striatinux (Cyperaceae) T Terpenes
(-)-scopadulcic acid A (SDA, 128) 19 Scoparia dulcis T Terpenes
buddlejasaponin III (180) 24.5 Scrophularia cryptophila O Others
L-tryptophan 81.3 Scrophularia cryptophila O Others
Natantimal_5_168 100 Scrophularia lepidota F Flavonoids
dolastatin 10 (191) 0.0001 sea hare D. auricularia P Peptides
Bonducellpins E (184) 1.6 seed kernels of Caesalpinia bonduc L. Roxb. D Diterpenes
 
 
 
 
Bonducellpins G (186) 3.8 seed kernels of Caesalpinia bonduc L. Roxb. D Diterpenes
Bonducellpins F (185) 5.8 seed kernels of Caesalpinia bonduc L. Roxb. D Diterpenes
(+) S-nerolidol (108) 100%Schizonticidalseeds of Aframomum escapum; Artemisia herbaalba and in lemon grass T Terpenes
Natantimal_5_141 4.97 seeds of Aframomum zambesiacum. T Terpenes
domesticulide B (114) 3.2 seeds of Lansium domesticum Corr T Terpenes
16-Oxolabda-8(17),12(E)-dien-15-oic acid (75) 26 seeds of Turreanthus africanus (Meliaceae) T Terpenes
Natantimal_3_109 0.26 Selaginella bryopteris F Flavonoids
Selaginella bryopteris_109 0.26 Selaginella bryopteris F
Natantimal_3_107 0.3 Selaginella bryopteris F Flavonoids
Selaginella bryopteris_107 0.3 Selaginella bryopteris F
Festuclavine 0.5 Semisynthetic A Alkaloid
Terguride 0.5 Semisynthetic A Alkaloid
Cedronin 0.23 Simaba cedron (St, Bk) Q Quassinoids
Gutolactone 0.0477 Simaba guianensis (Bk) Q Quassinoids
(+)-Oricinolide 0.003 Simaba orinocensis(root) Q Quassinoids
Simalikalactone D 0.003 Simaba orinocensis(root) Q Quassinoids
(À)-cis-3-Acetoxy-40 ,5,7-tri-hydroxyflavanone (160) 24.3 Siparuna andina F Flavonoids
Sipandinolide 46.2 Siparuna andina (L) S Sesquiterpene
Natantimal_10_ isoflavonoid_23 10 Smirnowia iranica F Flavonoids
Natantimal_10_ isoflavonoid_24 33 Smirnowia iranica F Flavonoids
smiranicin 57.6 Smirnowia iranica Flavonoids
Natantimal_10_ isoflavonoid_25 58 Smirnowia iranica F Flavonoids
(2S)-2'-methoxykurarinone 2.4 Sophora flavescens
sophoraflavanone G 2.6 Sophora flavescens
Natantimal_10_flavonoid_90 2.1 Sophora flavescens (Fabaceae) F Flavonoids
Natantimal_10_flavonoid_88 2.4 Sophora flavescens (Fabaceae) F Flavonoids
Natantimal_10_flavonoid_89 2.6 Sophora flavescens (Fabaceae) F Flavonoids
sophoronol E (18) 12.8 Sophora mollis. F Flavonoids
Natantimal_6_ 269 1.1 South Pacific marine sponges of the genus Xestospongia (Petrosiidae) Q Quinones
Natantimal_6_ 270 3.9 South Pacific marine sponges of the genus Xestospongia (Petrosiidae) Q Quinones
Natantimal_6_ 271 9.2 South Pacific marine sponges of the genus Xestospongia (Petrosiidae) Q Quinones
(–) Roemrefidine 0.71 Sparattanthelium  amazonum (Stbk) A Alkaloid
Ursolic acid 36 Spathodea campanulata (St, Bk) Tr Triterpenoid
Limacine 0.052 Spirospermum penduliflorum (St, Rt), Cyclea barbata (Rt) A Alkaloid
Natantimal_6_steroid 90 20.5 to 54.8 µM sponge Callyspongia fibrosa (Callyspongiidae) T Terpenes
Natantimal_6_steroid 91 21.5 to 54.8 µM sponge Callyspongia fibrosa (Callyspongiidae) T Terpenes
Natantimal_6_steroid 92 22.5 to 54.8 µM sponge Callyspongia fibrosa (Callyspongiidae) T Terpenes
Natantimal_6_steroid 93 23.5 to 54.8 µM sponge Callyspongia fibrosa (Callyspongiidae) T Terpenes
Isonitrile diterpenes 69 1 sponge Ciocalapata sp. (Halichondriidae).
Isonitrile diterpenes 70 1 sponge Ciocalapata sp. (Halichondriidae).
8,15-diisocyano-11(20)-amphilectene (68) 1 sponge Ciocalapata sp. (Halichondriidae).
Natantimal_6_ 281 0.3 sponge Plakortis halichondrioides (Plakinidae). En Endoperoxides
Natantimal_6_ 282 3 sponge Plakortis halichondrioides (Plakinidae). En Endoperoxides
Natantimal_6_ 280 4 sponge Plakortis halichondrioides (Plakinidae). En Endoperoxides
dispacamide B (220) 3.3 sponges in the genera Axinella (Axinellidae) and Agelas (Agelasidae) A Alkaloid
spongiacidin B (224) 3.4 sponges in the genera Axinella (Axinellidae) and Agelas (Agelasidae) A Alkaloid
discretine (254) 1.6 stem bark of Desmos rostrata A Alkaloid
desmorostratine (252) 3.6 stem bark of Desmos rostrata A Alkaloid
discretine N-oxide (253) 4.2 stem bark of Desmos rostrata A Alkaloid
2,3,22,23-Tetrahydroxy-2,6,10,15,19,23-hexamethyl-6,10,14,18-tetracosatetraene (3R,22R) (200) 7 stem bark of Ekebergia capensis Sparrm T Triterpene
Natantimal_5_217 24.7 stem bark of Hintonia latiflora Qu Quinones
Natantimal_5_218 25.9 stem bark of Hintonia latiflora Qu Quinones
O-methylexostemin (216) 3.6 stem bark of Hintonia latiflora Qu Quinones
(À)-curine (29) 0.353 stem bark of Isolona ghesquiereina A Alkaloid
Isochondodendrine (30) 0.892 stem bark of Isolona ghesquiereina A Alkaloid
talaumidin (201) 60.5 stem bark of Pycnanthus angolensis (Myristicaceae) O Others
acridone arborinine (19) 12.3 stem bark of the African tree Teclea gerrardii(Rutaceae) A Alkaloid
naucleofficine A (278) 9.7 stems (with bark) of Nauclea officinalis Pierre ex Pitard (Rubiaceae) A Alkaloid
rouremin (295) 4.5 stems of Rourea minor (Gaertn.) Aubl. (Connoraceae) O Others
1-(26-hydroxyhexacosanoyl)-glycerol (296) 12.7 stems of Rourea minor (Gaertn.) Aubl. (Connoraceae) O Others
Aloe-emodin (14) 1.9 Stephania dinklagei Q Quinones
Vincamajine 138 Stephania erecta (T) A Alkaloid
(+)-Dephnandrine 0.063 Stephania erecta (T) A Alkaloid
(+)-Homoaromoline 0.1046 Stephania erecta (T) A Alkaloid
(+)-2-N-Methyltelobine 0.097 Stephania erecta (T) A Alkaloid
(+)-Stephibaberine 0.13 Stephania erecta (T) A Alkaloid
(+)-Cepharanthine 0.14 Stephania erecta (T) A Alkaloid
(+)-Isotetrandrine 0.165 Stephania erecta (T) A Alkaloid
(+)-Obaberine 0.231 Stephania erecta (T) A Alkaloid
(+)-1,2-Dehydrotelobine 0.307 Stephania erecta (T) A Alkaloid
(–)-Thaicanine 550 Stephania pierrei (T) A Alkaloid
(–)-Asimilobine 470 Stephania pierrei (T) A Alkaloid
(–)-Corydalmine 840 Stephania pierrei (T) A Alkaloid
(–)-Capaurine 1910 Stephania pierrei (T) A Alkaloid
(–)-Isolaureline 1610 Stephania pierrei (T) A Alkaloid
(–)-Tetrahydrostephabine 1940 Stephania pierrei (T) A Alkaloid
(–)-Roemeroline 1780 Stephania pierrei (T) A Alkaloid
(–)-Cassythicine 2260 Stephania pierrei (T) A Alkaloid
(–)-Anonaine 1900 Stephania pierrei (T) A Alkaloid
(–)-Dicentrine 2550 Stephania pierrei (T) A Alkaloid
(–)-Xylopine 2270 Stephania pierrei (T) A Alkaloid
(–)-Phanostenine 2880 Stephania pierrei (T) A Alkaloid
Dehydroroemerine (251) 0.36 Stephania rotunda A Alkaloid
Xylopinine (78) 52.3 Stephania rotunda A Alkaloid
tazopsine (249) 3.1 Strychnopsis thouarsii Baill. (Menispermaceae) A Alkaloid
sinococuline (250) 4.5 Strychnopsis thouarsii Baill. (Menispermaceae) A Alkaloid
Strychnogucine B 0.085 Strychnos icaja A Alkaloid
18-hydroxyisosungucine 0.1 Strychnos icaja A Alkaloid
Isosungucine 0.2 Strychnos icaja A Alkaloid
Icajine 10 Strychnos icaja A Alkaloid
Isoretuline 10 Strychnos icaja A Alkaloid
Bisnordihydrotoxiferine 4.48 Strychnos icaja (Rt) A Alkaloid
Sungucine 10.139 Strychnos icaja (Rt) A Alkaloid
Chrysopentamine 0.5 Strychnos sambarensis A Alkaloid
17-O-acetyl,10-hydroxycorynantheol (10) 5 Strychnos usambarensis A Alkaloid
strychnopentamine (17) 0.145 Strychnos usambarensis (Loganiaceae) A Alkaloid
10'-hydroxyusambarensine 0.16 Strychnos usambarensis (Rt) A
swertiaperennine 50 Swertia alata X Xanthones
decussatin 50 Swertia alata X Xanthones
swertianin 50 Swertia alata X Xanthones
Natantimal_10_ Alkaloids_8 0.3 Swinglea glutinosa (Rutaceae) A Alkaloid
Natantimal_10_ Alkaloids_9 2.6 Swinglea glutinosa (Rutaceae) A Alkaloid
Citibrasine_17 6.1 Swinglea glutinosa (Rutaceae) A Alkaloid
Citrusinine-II_15 8.9 Swinglea glutinosa (Rutaceae) A Alkaloid
Citrusinine-I_16 29.9 Swinglea glutinosa (Rutaceae) A Alkaloid
Natantimal_6_ 321 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 327 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 318 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 319 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 323 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 322 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 329 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 317 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 325 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 326 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 328 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
Natantimal_6_ 320 2.1uM-10uM Symphonia globulifera (Clusiaceae) O Others
symphonin (54) 1.3 Symphonia globulifera L.f. (Clusiaceae) X Xanthones
Guttiferone A (80) 3.2 Symphonia globulifera L.f. (Clusiaceae) P Phenolics
gaboxanthone 3.5 Symphonia globulifera L.f. (Clusiaceae) X Xanthones
globuliferin (55) 3.9 Symphonia globulifera L.f. (Clusiaceae) X Xanthones
trichirubine B (176) 0.2 T. rubescens L Limonoids
trichirubine A (175) 0.3 T. rubescens L Limonoids
2-acetyl-naphtho-[2,3b]-furan-4,9-dione 0.002 Tabebuia ochracea (inner Stbk), Tabebuia billbergii Qu Quinones
2-acetyl-7,8-dimethoxy-naphtho-[2,3b]-furan-4,9-dione 2.96 Tabebuia ochracea (inner Stbk), Tabebuia billbergii Qu Quinones
lapachol 4.88 Tabebuia ochracea (inner Stbk), Tabebuia billbergii Qu Quinones
2-acetyl-7-hydroxi-8-methoxy-naphtho-[2,3b]-furan-4,9-dione 11.8 Tabebuia ochracea (inner Stbk), Tabebuia billbergii Qu Quinones
Natantimal_3_148 4.7 Tapirira guianensis (Anacardiaceae) O Others
Natantimal_3_149 4.7 Tapirira guianensis (Anacardiaceae) O Others
Natantimal_6_ 181 3 Teclea afzelii (Rutaceae) A Alkaloid
Natantimal_6_ 184 3 Teclea afzelii (Rutaceae) A Alkaloid
Natantimal_6_ 182 3 Teclea afzelii (Rutaceae) A Alkaloid
skimmianine (45) 9.3 Teclea and Zanthoxylum species. A Alkaloid
 
 
 
 
normelicopicine (44) 14.7 Teclea and Zanthoxylum species. A Alkaloid
melicopicine (47) 53 Teclea and Zanthoxylum species. A Alkaloid
tecleanthine (48) 56.9 Teclea and Zanthoxylum species. A Alkaloid
6-methoxytecleanthine (49) 57.9 Teclea and Zanthoxylum species. A Alkaloid
dictamnine (46) 59 Teclea and Zanthoxylum species. A Alkaloid
Xanthoxoline (43) 4.3 Teclea and Zanthoxylum species. A Alkaloid
Evoxine (41) 24.5 Teclea gerrardii (Rutaceae)harvested from Durban, South Africa A Alkaloid
β-hydroxydihydrochalcone (96) 16.3 Tephrosia elata (Fabaceae) F Flavonoids
deguelin (97) 20 Tephrosia elata (Fabaceae) F Flavonoids
obovatin (98) 20 Tephrosia elata (Fabaceae) F Flavonoids
Termilignan 9 Terminalia bellerica (Ft rind) L Lignans
Anolignan B 20.5 Terminalia bellerica (Ft rind) L Lignans
7-Hydroxy-3′-4′-(methylenedioxy) flavan 50 Terminalia bellerica (Ft rind) F Flavonoids
Thannilignan 50 Terminalia bellerica (Ft rind) L Lignans
Thalifasine 0.238 Thalictrum faberi (Rt) A Alkaloid
Thalifaberidine 0.88 Thalictrum faberi (Rt) A Alkaloid
Thalifaberine 5.09 Thalictrum faberi (Rt) A Alkaloid
thalfoetidine (43) 2.1 Thalictrum flavum (Ranunculaceae) A Alkaloid
northalfoetidine (44) 2.8 Thalictrum flavum (Ranunculaceae) A Alkaloid
maculosidine (38) 40.4 Toddalia and Teclea genera of the Rutaceae family A Alkaloid
Nitidine (39) 0.04 Toddalia asiatica A Alkaloid
5,7-Dimethoxy-8-(3′-hydroxy-3′-methyl-1-butene)-coumarin 8.8 Toddalia asiatica (Rt)
coumarin 13 16.2 Toddalia asiatica (Rutaceae) C Coumarins
Betulinic acid 9.9 Triphyophyllum peltatum (Rt, Bk) Tr Triterpenoid
Ellagic acid (228) 0.5 Tristaniopsis species O Others
glycoside A3A (229) 3.2 Tristaniopsis species O Others
Natantimal_6_ 72 1.5 tropical marine sponge Cymbastela hooperi (Axinellidae) A Alkaloid
Natantimal_6_ 73 41 tropical marine sponge Cymbastela hooperi (Axinellidae) T Terpenes
Natantimal_3_163 5 trunk latex of Moronobea coccinea (Clusiaceae) O Others
Natantimal_3_166 5 trunk latex of Moronobea coccinea (Clusiaceae) O Others
Natantimal_3_167 5 trunk latex of Moronobea coccinea (Clusiaceae) O Others
Natantimal_3_168 5 trunk latex of Moronobea coccinea (Clusiaceae) O Others
Natantimal_3_169 5 trunk latex of Moronobea coccinea (Clusiaceae) O Others
Natantimal_3_174 15 trunk latex of Moronobea coccinea (Clusiaceae) O Others
Natantimal_3_172 15 trunk latex of Moronobea coccinea (Clusiaceae) O Others
lepadins F (72) 0.2 tunicate Didemnum sp A Alkaloid
vermelhotin (59) 10 unidentified fungus CRI247-01
Methyl uguenesonate (88) 13.8 Vepris uguenensis T Terpenes
2' -epicycloisobrachy-coumarinone epoxide (213) 54 Vernonia brachycalyx Qu Quinones
5-methylcoumarins (20) 54 Vernonia brachycalyx (Asteraceae) C Coumarins
Lupeol 25 Vernonia brasiliana (L.) (hexane extract from leaves) T Triterpene
Vernolide D (117) 3.5 Vernonia cinerea Less. (Asteraceae) S Sesquiterpene
8a-(4-hydroxy-ethacryloyloxy)-hirsutinolide-13-O-acetate (116) 3.7 Vernonia cinerea Less. (Asteraceae) S Sesquiterpene
8a-tigloyloxy-hirsutinolide-13-O-acetate (115) 3.9 Vernonia cinerea Less. (Asteraceae) S Sesquiterpene
Vernodalol (122) 4.2 Vernonia sp. T Terpenes
Vernolide (123) 8.4 Vernonia sp. T Terpenes
hydroxyvernolide (124) 11.4 Vernonia sp. T Terpenes
hirsutinolides 259 1.8 Vernonia staehelinoides O Others
hirsutinolides 260 2.6 Vernonia staehelinoides
epi-oleanolic acid (214) 0.039 Viola verecunda T Triterpene
6-(8’Z-pentadecenyl)-salicylic acid (196) 10.1 Viola websteri (Violaceae) O Others
6-(8’Z, 11’Z, 14’Z-heptadecatrienyl)-salicylic acid (197) 13.3 Viola websteri (Violaceae) O Others
6-(8'Z-pentadecenyl)-salicylic acid (74) 10.1 Viola websteri Hemsl P Phenolics
12S,16S/R-dihydroxy-ent-labda-7,13-dien-15,16-olide (135) 7.2 Vitex rehmannii Gurke (Lamiaceae) D Diterpenes
isochavicol (238) 14.2 volatile constituents of Daucus crinitus P Phenolics
isochavicol isobutyrate (237) 68.7 volatile constituents of Daucus crinitus P Phenolics
isochavicol propionate (239) 70 volatile constituents of Daucus crinitus P Phenolics
6-Hydroxyluteolin-7-O-(100 -a-rhamnoside) (161) 2.13 Vriesea sanguinolenta F Flavonoids
Acacetin (162) 12.6 Vriesea sanguinolenta F Flavonoids
Natantimal_10_flavonoid_112 0.96 W. indica F Flavonoids
Natantimal_10_flavonoid_113 1 W. indica F Flavonoids
11α-hydroxymuzigadiolide (142), 6.4 Warburgia ugandensis (Canellaceae) from Ethiopia T Terpenes
ineupatorolide A (127) 0.019 whole plants of Carpesium rosulatum Miq S Sesquiterpene
Gentiopicroside 200 Widespread in the Gentianaceae, e.g. Swertia and Gentiana spp.
Sikokianin B 0.54 Wikstroemia indica F Flavonoids
Xanthumin 31 Xanthium strumarium (Ap) Fr Furan
8-epi-Xanthin 125 Xanthium strumarium (Ap) P Purine
8-epi-Xanthatin-1β-5β-epoxide (Pungiolide A) 7.8 Xanthium strumarium (Ap) T Terpenes
Tomentosin 7.8 Xanthium strumarium (Ap) T Terpenes
dihydrorutaecarpine (280) 3.4 Zanthoxylum flavum Vahl (Rutaceae) A Alkaloid
chelerythrine acetonate (248). 5.7 Zanthoxylum flavum Vahl (Rutaceae) A Alkaloid
dihydrochelerythrin (247) 10.6 Zanthoxylum flavum Vahl (Rutaceae) A Alkaloid
N-isobutyldeca-2,4-dienamide 5.37 Zanthoxylum gilletii (Rt) AA AliphaticAmines
Dihydronitidine (246) 4.9 Zanthoxylum rhoifolium Lam. (Rutaceae) bark A Alkaloid
Syncarpamide (239) 2.04 Zanthoxylum syncarpum O Others
aegyptinone B (142) 4.7 Zhumeria majdae (Labiateae) F Flavonoids
12,16-dideoxy aegyptinone B (86) 4.7 Zhumeria majdae Rech. f. & Wendelbo (Lamiaceae) Qu Quinones
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Structure 1 Structure 2 ID 1 ID 2 Similarity Activity 1 Activity 2 Delta Activity SALI
 
 
 
 
Page: 14
O
O
OH OH
OH
O
O
O
OH
O
OH
OH
O
O
OH O
O
OH
OH
OH
OOH
O
O
OH OH
N524 N720 0.96668 3.2350938 6 2.7649 82.972
unknown chirality
O
S
abs?
R
abs
?S
abs
S
abs S
abs
S
absR
abs
OHOH
unknown chirality
O
S
abs?
R
abs
?S
abs
S
abs S
abs
S
absR
abs
?
OH N550 N925 0.91556 3.5999999 10.596756 6.9968 82.862
unknown chirality
O
Sabs
O
N
Sabs
O
O
unknown chirality
O
O
Sabs
Sabs
N
O O
O
N442 N996 0.83011 2 15.9 13.9 81.819
unknown chirality
O?
?
?
OH
?
?
O
?O
O
O
O
unknown chirality
O
?
? ?
O
O
? ?O ?
O
OH
O
O
N492 N328 0.97642 2.9000001 1 1.9 80.578
racemate
O
O OH
&1
OH
O
O
O
OOH
O M
racemateO
O
OH
&1
OH
O
O
O
O
OH
OH
M
N378 N545 0.97381 1.4 3.5 2.1 80.175
unknown chirality
O
O
?
O
OH
O?
?
OH
?
OH
?OH
OH
OH
OH unknown chirality
O
O
?
O
OHO?
?
OH
?
OH
?OH
OH
OH
O
OH
?
O
?
?
OH ? ?
OH
OH
N86 N785 0.91135 0.00200000017.0999999 7.098 80.064
O
O
O
OH
O
OO
O
O
O
OH
O
OHO N520 N779 0.95123 3.0999999 7 3.9 79.97
racemate
O
NH
S&1
N
N
N
racemate
O
NH
S&1
N
H
N
H
NH
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O
O?
?
O
?
??
?
?
O?
O
?
??
OH
?
OHOH
O
N91 N92 0.93188 0.00624287310.00626917182.6299e-5 3.8607e-4
unknown chirality
O
N
N
O
?
N
H
? OH
unknown chirality
O
N
N
?
O
OH?
?
NH
N78 N80 0.8091 0.0000007 0.0000034 2.7e-6 1.4143e-5
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O N833 N834 0.84007 8.0100002 8.0100002 0 0
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O
unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O N833 N831 0.82822 8.0100002 8.0100002 0 0
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O
unknown chirality O
O
Rabs
?
R
abs
Rabs
Sabs
O
OH
O N833 N828 0.8234 8.0100002 8.0100002 0 0
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unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O
unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O
unknown chirality O
O
Rabs
?
R
abs
Rabs
Sabs
O
OH
O N833 N828 0.8234 8.0100002 8.0100002 0 0
unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O N831 N834 0.86146 8.0100002 8.0100002 0 0
unknown chirality
O
O
R
abs?
R
abs
S
abs
O
SabsOH
O
unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O N830 N831 0.80261 8.0100002 8.0100002 0 0
unknown chirality
O
O
R
abs?
R
abs
S
abs
O
SabsOH
O
unknown chirality O
O
Rabs
?
R
abs
Rabs
Sabs
O
OH
O N830 N828 0.79785 8.0100002 8.0100002 0 0
unknown chirality
O
O
R
abs?
R
abs
S
abs
O
SabsOH
O
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O N830 N833 0.86146 8.0100002 8.0100002 0 0
unknown chirality
O
O?
S
abs
O
S
abs
?
?
S
abs
O
RabsOH
O
unknown chiralityO O
?
S
abs
O
Sabs
?
?
R
abs
O
O N829 N832 0.87401 8.0100002 8.0100002 0 0
unknown chirality O
O
Rabs
?
R
abs
Rabs
Sabs
O
OH
O
unknown chiralityO O
R
abs ?
Rabs
R
abs
O
O N828 N834 0.88459 8.0100002 8.0100002 0 0
unknown chirality O
O
Rabs
?
R
abs
Rabs
Sabs
O
OH
O
unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O N828 N831 0.85419 8.0100002 8.0100002 0 0
unknown chirality
O
S
abs?
R
abs
?S
abs
S
abs S
abs
S
absR
abs
?
OH
unknown chirality
O
S
abs?
R
abs
?S
abs
S
abs S
abs
S
absR
abs
?
OH N789 N925 1 7.1999998 10.596756 3.3968 0
racemate
O
O
OH
O
OH
S&1
O
OH
O
OH
O this enantiomer
O Sabs
Sabs
OOH
O OH
OH
S
abs
OHO
OH
O
N733 N734 0.81885 6 6 0 0
O
OH
O
O
O
OH
O
OH
O
O
O
OH
N731 N732 0.90474 6 6 0 0
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O
OH
O
O
O
OH
O
OH
O
O
O
OH
O
OOH
O
OH
OH
O
OH
O
O
O
OH
N729 N732 0.82533 6 6 0 0
O
OOH
O
OH
OH
O
OH
O
O
O
OH
N729 N731 0.82204 6 6 0 0
O
OHO
OH
OH
OH
racemate
O
OHO
O S&1
OH
OH
OH
N722 N718 0.89051 6 6 0 0
O
OHO
OH
OH
OH
O
OH
O
OH
O
OH N722 N719 0.8898 6 6 0 0
O
OHO
OH
OH
OH
OOH
O
O
OH OH
N722 N720 0.84181 6 6 0 0
OOH
O
O
OH OH
O
OH
O
O
O
OH
N720 N732 0.84161 6 6 0 0
OOH
O
O
OH OH
O
OH
O
O
O
OH
N720 N731 0.82648 6 6 0 0
OOH
O
O
OH OH
O
OOH
O
OH
OH
N720 N729 0.88872 6 6 0 0
O
OH
O
OH
O
OH
racemate
O
OHO
O S&1
OH
OH
OH
N719 N718 0.84636 6 6 0 0
O
OH
O
OH
O
OH
O
OH
O
O
O
OH
N719 N731 0.85102 6 6 0 0
this enantiomer
Br
NH
S
abs
NH
N
H
NH
N2H
racemate
Br
NH
S
&1
NH
N
N 2H
N2H
N679 N18 0.79785 5.4000001 5.4000001 0 0
unknown chirality
O
O ? O
?
O
? O
?
OH
?
OH
unknown chirality
O
O ? O
?
O
? O
O N659 N660 0.83037 5 5 0 0
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this enantiomer
Br
NH
S
abs
NH
N
H
NH
N2H
racemate
Br
NH
S
&1
NH
N
N 2H
N2H
unknown chirality
O
O ? O
?
O
? O
?
OH
?
OH
unknown chirality
O
O ? O
?
O
? O
O N659 N660 0.83037 5 5 0 0
unknown chirality
ORabs
O
R
abs O
O
Sabs
S
abs
?
OH
OH
OH
OH
unknown chirality
O
Rabs
ORabs
O
OR
abs
R
abs?
OH
OH
N656 N652 0.88638 5 5 0 0
unknown chirality
ORabs
O
R
abs O
O
Sabs
S
abs
?
OH
OH
OH
OH
this enantiomer
ORabs
O
R
abs O
ORabs
S
abs
OH
OH N656 N651 0.93839 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
S
abs
OH
OH
OH
unknown chirality
O
Rabs
ORabs
O
OR
abs
R
abs?
OH
OH
N655 N652 0.91923 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
S
abs
OH
OH
OH
this enantiomer
ORabs
O
R
abs O
ORabs
S
abs
OH
OH N655 N651 0.94534 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
S
abs
OH
OH
OH
unknown chirality
ORabs
O
R
abs O
O
Sabs
S
abs
?
OH
OH
OH
OH
N655 N656 0.93923 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
R
abs
OH
OH
OH
unknown chirality
O
Rabs
ORabs
O
OR
abs
R
abs?
OH
OH
N654 N652 0.89797 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
R
abs
OH
OH
OH
this enantiomer
ORabs
O
R
abs O
ORabs
S
abs
OH
OH N654 N651 0.92747 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
R
abs
OH
OH
OH
unknown chirality
ORabs
O
R
abs O
O
Sabs
S
abs
?
OH
OH
OH
OH
N654 N656 0.91937 5 5 0 0
this enantiomer
O
R
abs
ORabs
O
OR
abs
R
abs
OH
OH
OH
this enantiomer
O
R
abs
ORabs
O
OR
abs
S
abs
OH
OH
OH N654 N655 0.94033 5 5 0 0
this enantiomer
ORabs
O
R
abs O
ORabs
S
abs
OH
OH
unknown chirality
O
Rabs
ORabs
O
OR
abs
R
abs?
OH
OH
N651 N652 0.90528 5 5 0 0
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this enantiomer
ORabs
O
R
abs O
ORabs
S
abs
OH
OH
unknown chirality
O
Rabs
ORabs
O
OR
abs
R
abs?
OH
OH
unknown chirality
O
S
abs
OH
S
abs
?
OH
OH
unknown chirality
O
?
? OH
Rabs
OH Sabs
OH
N634 N635 0.85572 4.6999998 4.6999998 0 0
unk nown c h i ra l i ty
OO
S
abs
NNH
NH
N
H
NH
N2H
O
O
?
Sabs
?
N
N
S
abs
NH
Rabs
unknown chirality
OO
S
abs
NNH
NH
N
H
NH
N2H
O
O
?
Sabs
?
N
N
S
abs
NH
Rabs
N618 N619 0.99845 4.5 4.5 0 0
unk nown c h i ra l i ty
O
O ?
? S
abs
?
N
NNH
R
abs
NH
R
abs
?
N
S
abs
N
NH
?
S
abs
unknown chir alit y
OO
?
?
S
abs
?
NN
N
H
R
abs
NH
R
abs
?
N
S
abs N NH
? S
abs N610 N611 0.99814 4.5 4.5 0 0
unknown chirality O
N
OH
Sabs
O
O
unknown chirality
O
O
?Sabs N
O
O
N604 N605 0.83865 4.4000001 4.4000001 0 0
racemate
O
O OH
R
&1
O
OH
O
OH
racemate
O
O OH
R
&1
O
OH
O
OH
N562 N847 1 3.7 8.5167503 4.8168 0
O
O OH
OH
OH
OH
racemate
O
OH
OOH
OH
O
S
&1 N508 N509 0.80064 3 3 0 0
O
O OH
OH
OH
OH
OOH
O
OH
OH
OH
N508 N504 0.94823 3 3 0 0
unknown chirality O
O
?
?
?
Sabs
Rabs
O
O
O
O
O
OH
unknown chirality O
O
?
R
abs
S
abs
Sabs
Rabs
O
O
O
O
O
OH
N506 N500 0.89253 3 3 0 0
unknown chirality O
O
?R
absS
abs
O
O
O
O
OH
O
unknown chirality O
O?R
absS
abs
O
O
O
O
OH
O
N505 N507 0.9397 3 3 0 0
OOH
O
OH
OH
OH
racemate
O
OH
OOH
OH
O
S
&1 N504 N509 0.85165 3 3 0 0
unknown chirality O
O
?
R
abs
S
abs
Sabs
Rabs
O
O
O
O
O
OH
unknown chirality O
O?R
absS
abs
O
O
O
O
OH
O
N500 N507 0.81211 3 3 0 0
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unknown chirality O
O
?
R
abs
S
abs
Sabs
Rabs
O
O
O
O
O
OH
unknown chirality O
O?R
absS
abs
O
O
O
O
OH
O
racemate
O
O OH
OHS&1
OH
OH unknown chirality
O?
O OH
OH?
OH
OH
N483 N482 0.85745 2.5999999 2.5999999 0 0
racemate
O
O O
OHS&1
O
OH unknown chirality
O?
O O
OH?
O
OH
N470 N469 0.86832 2.4000001 2.4000001 0 0
racemate
O
O OH
OHS&1
O
OH unknown chirality
O?
O OH
OH?
O
OH
N452 N451 0.86307 2.0999999 2.0999999 0 0
racemate
O
O
OH
N
S
&1
N
OH
O
O
racemate
O
O
O
N
S&1
N
OH
O
O
N392 N393 0.97312 1.5 1.5 0 0
unknown chirality
O
O
?
?
O
N
O
NOH
OH
O
O
unknown chirality
O
O
?
N
? N
O
O
OH
O
N388 N389 0.90257 1.5 1.5 0 0
unknown chirality
O
O ?
?
?
OH
?
OH unknown chirality
O
O ?
?
?
OH
?
OH
N385 N386 0.8703 1.5 1.5 0 0
unknown chirality
O
?
?
?
OH
?
?
O
?
O
O
O
O
O
O
unknown chirality
O
?
? ?
O
O
? ?O ?
O
OH
O
O
N327 N328 0.91048 1 1 0 0
unknown chirality
O
Rabs
R
abs
?
O
OHSabs
O
O
OH
OH
O
OH
OH unknown chirality
O
Rabs
R
abs
?
O
OHSabs
O
O
OH
OH
O
OH
OH
N320 N326 1 0.959999981 0.04 0
unknown chirality
O
Sabs
OH
Rabs
R
abs
O Sabs
OH
R
abs
?
O
O
O
unknown chirality
OSabs
OH
R
abs
Rabs
OH
SabsO Sabs
? O
O
O
N279 N278 0.93686 0.62 0.62 0 0
unknown chirality
N
?
??
NH
unknown chirality
O
N N
H
? N
?
?
NH N259 N261 0.79663 0.5 0.5 0 0
racemateO
O
OH
OH
&1O
OOH
OH
OH
M
racemate
O
O
OH
&1
OH
O
OH
O
O
OH
OH
M
N220 N219 0.98566 0.300000010.300000010 0
racemate
O
O OH
O
&1
OH
O
OOH
O
M
racemate
O
O OH
&1
O
OH
O
O
OOH
O M
N206 N203 0.9864 0.259999990.259999990 0
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racemateO
O
OH
OH
&1O
OOH
OH
OH
M
racemate
O
O
OH
&1
OH
O
OH
O
O
OH
OH
M
racemate
O
O OH
O
&1
OH
O
OOH
O
M
racemate
O
O OH
&1
O
OH
O
O
OOH
O M
N206 N203 0.9864 0.259999990.259999990 0
this enantiomer
N Sabs
S
absN
NH
N
this enantiomer
N Sabs
R
absN
NH
N
N145 N146 0.95656 0.0900000040.0900000040 0
racemate
S SO
O
S
&1
OH
racemate
S SO
O
S
&1
OH
N131 N132 0.98264 0.0529999990.0529999990 0
unknown chirality
O
?
Rabs
Rabs
O
R
abs
O
O
OH
OH
OH
OH
unknown chirality
O
?
Rabs
Rabs
O
R
abs
O
O
OH
OH
OH
OH N13 N169 1 0.156711910.157000012.881e-4 0
this enantiomer
O
OH
O O
R
abs
O Rabs
R
abs
O
S
abs
R
abs O
OH
O
O
O
O
OH
OH
O this enantiomer
O
OH
O O
RabsO Rabs
Rabs
O
Sabs
R
abs O
OH
O
O
O
O
OH
OH
O
N305 N304 1 0.800000010.800000010 NaN
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unknown chiralityCl
?
? OHN2H
NH
N
N 2H ClC(C(O)c1[nH]c(nc1)N)CNN192 HA 0.87
racemate
O
S&1
O=C1CCC(c2c1cc(cc2)C)CN 43 HA 0.73
O
O
OH
Oc1c2c(ccc1)C(=O)C(=CC2=O)CN210 HA 0.73
ClNH
N+
Clc1cc2c3c([nH]c2cc1)c[n+](cc3)CN270 HA 0.73
O
O
OH OH
OH
OH
O O1c2c(C(=O)C(CC=C(C)C)=C1c1cc(O)c(OC)cc1O)c(O)cc(O)c2N160 HA 0.73
unknown chirality
O
N
NO
?
N
H
? OH
OC1CCCNC1CC(=O)CN1C=Nc2c(cccc2)C1=ON78 HA 0.73
N+
NH [n+]1(c2c(c3c4c([nH]c3c1)cccc4)cccc2)CN183 HA 0.73
O
O
N+
O
OH
O(C)c1cc2c(cc1OC)c[n+]1c(-c3cc(OC)c(O)cc3CC1)c2N285 HA 0.73
racemate
O
NH
N
S &1
O=C1C=C2N(c3c(C2Nc2c1cccc2)cccc3)CN313 HA 0.73
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th is  enantiomer
O
O
Rabs
O
O
R
abs
O
OH
O1O[C@@H](C[C@]1(CC(OC)=O)C)CCCCCCCCC(O)=ON217 HA 0.60
OO
O
O
o1c2c(cc1C(=O)C)C(=O)c1c(cccc1)C2=ON85 HA 0.60
OO
O
o1c2c(cc1C(C)=C)C(=O)c1c(cccc1)C2=ON168 HA 0.60
unknown chirality
O
S
abs
?
?
OR
abs
R
abs
OO
OHO
R
abs
O1[C@@H]2C(CC(=O)[C@H](CCC[C@](O)(C)[C@H]2OC(=O)[C@@H](CC)C)C)C(=C)C1=ON108 HA 0.60
unknown chirality
OO
?
R
abs
Rabs
?
R
abs
OH
O1O[C@@]23C(=C[C@]1(CC2)C(C)C)CC[C@H]1[C@@](CCC[C@@]13C)(CO)CN231 HA 0.60
unknown chiralityCl
?
O?
?
?
?? N+
?
? C-
OH
N+
C-
ClC1CCC(OC1(C)C)(C)C1C2C(CCC(O)(C)C2[N+]#[C-])C([N+]#[C-])(CC1)CN79 HA 0.60
O
O
OH
OH
O
OH
O1c2c(C(=O)C1=Cc1cc(OC)c(O)cc1)c(O)cc(O)c2N 20 HA 0.60
N
NH
[nH]1c2c(c3c1cccc3)c(c1c(ccnc1)c2C)CN138 HA 0.60
N
N
N1=C2C(=C3N(c4c(C=C13)cccc4)C)C=CC=C2N16 HA 0.60
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OO
OH
O OH
OH
OH
O
O1c2c-3c(cc(O)c2O)C(Oc2c-3c(cc(O)c2O)C1=O)=ON12 HA 0.60
O
O
N+
O
OH
O(C)c1cc2c3c([n+](cc2cc1OC)C)c1cc(OC)c(O)cc1cc3N129 HA 0.60
O
O
N+
O
O
O(C)c1c2c(ccc1OC)cc-1[n+](CCc3cc(OC)c(OC)cc-13)c2N302 HA 0.60
ON
O
O
N
O
O(C)c1c2c(cc(OC)cc2)c2nccc3c2c1N(C)C(=O)C3=ON242 HA 0.60
unknown chirality
O
N OH
?
OH
O Sabs
?
??
O1C([C@H](CC(C)C1C(CC)C)C)C1=C(O)C(=CN(O)C1=O)c1ccccc1N260 HA 0.60
unknown chiralityO O
OH
OH
?
NH?
O(C)c1c2c(cccc2OC)c(-c2ccc3c(c2O)C(NC(C3)C)C)c(c1)CON103 HA 0.60
unknown chirality
O
OH
OH
?
?
OH
NH
O(C)c1c2c(cc(c1)C)c(ccc2O)-c1c2c(C(NC(C2)C)C)c(O)cc1ON 36 HA 0.60
unknown chirality
O
O
?
?
?
N?
O
?
?
O
O1C2C1C13C(N(CC1)Cc1c3cc3OCOc3c1)CC2OCN251 HA 0.60
unknown chirality
O
R
abs
OHRabs
S
abs
?
Rabs
??
O
R
abs
O
OH
RabsRabs
O
OHRabs
O
O
O1C[C@]23[C@H]4[C@@]5([C@@H]([C@@H](OC(=O)C(=CC)C)[C@H]2OC(=O)C[C@H]3[C@@H](C)[C@@H](O)C14O)C(=CC(=O)[C@H]5O)C)CN161 HA 0.60
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Br
?
?
OH
Br
NH N
O
NH
BrC1=CC2(C=C(Br)C1O)C1=C(NCC2)C(=O)c2[nH]cc3CCN=C1c23N163 HA 0.60
unknown chirality
Br
O
?
?S
?
NH N
O
NH
BrC1=CC23C4=C(NC(SC2CC1=O)C3)C(=O)c1[nH]cc2CCN=C4c12N130 HA 0.60
unknown chirality
S
OO
N
H
O
O
R
abs
O
R
abs
?
O
OH
R
abs
S1(=O)(=O)C2=C(NCC1)C(=O)c1c(cc3c(c1)[C@@]1([C@@H]4[C@](OC[C@]4(CCC1)C)(O)C3=O)C)C2=ON7 HA 0.60
r acem at e
S SO
O
S
&1
OH
s1c(ccc1CCOC(=O)C(C#CCCCC)CO)-c1sccc1N131 HA 0.47
unknown chiralityO
?
?
O=C(C)C1=C2C3(CC(CC3)C2(C)C)C(CC1)(C)CN167 HA 0.47
unknown chirality
O
??
?
O=C1C2CCC(C3(C1=C(CC3)C)C2(C)C)CN180 HA 0.47
OH
OH
OH OH
Oc1cc(cc(O)c1C=CC(C)C)C=Cc1ccc(O)cc1ON286 HA 0.47
unknown chirality
OH
?
Rabs
S
absR
abs
Sabs
?
OH
Sabs
O[C@H]1CC[C@]2([C@@H](C[C@H](O)[C@@H]3[C@@H]2CC=C(C=C)[C@@H]3C)C1(C)C)CN288 HA 0.47
O
OH N
O
OH
OH
O(C)c1c2N(c3c(cccc3O)C(=O)c2c(O)c(CCC=C(C)C)c1O)CN218 HA 0.47
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O
NH
NH
N
O(C)C1=CC(NC1=Cc1[nH]c(C)c(c1)CCCCCCC)=C1N=CC=C1N124 HA 0.47
unknown chirality O
O
?R
absS
abs
R
abs
O
Sabs
R
abs
O
O
Rabs
OH
O1[C@H]2[C@H]([C@H](OC(=O)C([C@H](O)C)=CC)[C@]3([C@@H](C=CC3=O)[C@@H](C2)C)C)C(=C)C1=ON182 HA 0.47
unknown chiralityO
?
?
O?
OH
?
O
O
O O1C2C(C(=C)C1=O)C(OC(=O)C(C)C)CC(O)(C=CC(=O)C(=C2)C)CN318 HA 0.47
unknown chirality
O?
OH
?
?
O
?O ?
?
O
OO
O
O1C2C(C(=C)C1=O)C(OC(=O)CC(C)C)C(OC(=O)C)C(O)(C)C(=O)C=CC(C2)CN280 HA 0.47
unknown chirality
O
Sabs
OH
R
abs
R
abs
O Sabs
OH
R
abs
?
O
O
O
O1[C@H]2[C@@H]([C@H](O)[C@@H](OC(=O)CC(C)C)[C@@](O)(C)C(=O)C=C[C@@H](C2)C)C(=C)C1=ON279 HA 0.47
unknown chirality
OSabs
OH
R
abs
Rabs
OH
SabsO Sabs
? O
O
O
O1[C@H]2[C@@H]([C@H](OC(=O)CC(C)C)[C@@H](O)[C@@](O)(C)C(=O)C=C[C@@H](C2)C)C(=C)C1=ON278 HA 0.47
unknown chirality
OSabs
OH
Rabs
RabsO Sabs
? O
O
O
O1[C@H]2[C@@H]([C@H](OC(=O)CC(C)C)C[C@@](O)(C)C(=O)C=C[C@@H](C2)C)C(=C)C1=ON317 HA 0.47
unknown chirality
N+
C-
?
?
?
?
?
?
?
?
?
?
N+
C- [N+](C1(C2C3C4C(CC2)C([N+]#[C-])(CCC4C(CC3CC1C)C)C)C)#[C-]N104 HA 0.47
unknown chirality
O
O
?
?
?
?
R
abs
?OH
O1OC23C1(CC[C@H](C2)C(C)C)C1(C(CC3)C(CCC1)(CO)C)CN222 HA 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
OO
?
?
?
?
?
OH
O1OC23C(=CC1(CC2)C(C)C)CCC1C(CCCC13C)(CO)CN151 HA 0.47
unknown chirality
N
?
??
NH
[nH]1c2c3c(C4CC(CN(C4Cc3c1)C)C)ccc2N259 HA 0.47
O
O
OO
O
O
O
O
O
O
O1c2c(C(=O)C1=Cc1cc(OC)c(OC(=O)C)c(OC)c1)c(OC(=O)C)cc(OC(=O)C)c2N93 HA 0.47
unknown chirality
ORabs
Rabs
?
O
OO
O
O(C)c1cc(ccc1OC)[C@@H]1c2c(cc(OC)c(OC)c2)C(=O)[C@H](C)[C@H]1CN187 HA 0.47
unknown chirality
OSabs
Sabs
?
O
OO
O
O(C)c1cc(ccc1OC)[C@@H]1c2c(cc(OC)c(OC)c2)C(=O)[C@@H](C)[C@@H]1CN223 HA 0.47
unknown chirality
OSabs
Rabs
?
O
OO
O
O(C)c1cc(ccc1OC)[C@@H]1c2c(cc(OC)c(OC)c2)C(=O)[C@@H](C)[C@H]1CN282 HA 0.47
unknown chiralityO
O
?
??
?
O
?
??
O
O o1c2c(cc1)C(C1C(C2)C2(C(C(OC(=O)C)C1OC(=O)C)C(CCC2)(C)C)C)CN 10 HA 0.47
unknown chirality
OO
?
?
?
O
?
?
O?
O
?
O1C2OC3(OOC24C(CCC(C4CC3)C)C(C)C1=O)CN121 HA 0.47
OH
N+
NH
OCCc1cc2[n+](cc1CC)ccc1c3c([nH]c12)cccc3N156 HA 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O?
?
O
?
?
?
OH
O
?O
O
O
o1c2c(cc1)C(=O)C1C(C2)C2(C)C(O)(CC1)C(CC(OC(=O)C)C2OC(=O)C)(C)CN308 HA 0.47
this enantiomer
O
O
S
abs
OHO
S
abs
S
abs
OH
S
abs
OH
OH
O1[C@H](CC=C[C@H](O)[C@@H](O)[C@@H](O)CC=Cc2c(C1=O)c(O)cc(OC)c2)CN114 HA 0.47
unknown chirality
O
OH
OH
Rabs
Rabs
OH
NH
O(C)c1c2c(cc(c1)C)c(ccc2O)-c1c2c([C@H](N[C@@H](C2)C)C)c(O)cc1ON254 HA 0.47
unknown chirality
O
S
abs
S
abs?
O
O
O
O
O1c2cc(ccc2OC1)[C@@H]1c2c(cc(OC)c(OC)c2)C(=O)[C@@H](C)[C@@H]1CN205 HA 0.47
unknown chirality
O
N
N
?
O
OH?
?
NH
O1C2C(NCCC2)CC1(O)CN1C=Nc2c(cccc2)C1=ON80 HA 0.47
unknown chirality
O ?
OH
?
?
?
?
?
?
OH ?
?
O
O
O
O1CC23C(C4(C(CC2)C(=CC(=O)C4O)C)C)C(O)C2OC(=O)C3C12CN189 HA 0.47
unknown chirality
O?
OH
?
?
?
?
?
?
?
OH?
OH
?O
O
O
O1CC23C(C4(C(CC2O)C(=CC(=O)C4O)C)C)C(O)C2OC(=O)C3C12CN283 HA 0.47
unknown chirality
O
O
?
?
?
?
?
O
?
OH
?O
O O1C2CC3(O)C(C4C2C(c2c(occ2)C4)C1=O)(C)C(OC(=O)C)CCC3(C)CN309 HA 0.47
unknown chirality
O
O?
?
O
?
??
?
?
O?
O
?
??
OH
?
OHOH
O
O1CC23C4C5(C(CC2OC(=O)C(OC(=O)C(CC)C)C3C1(C)C(O)C4O)C(=CC(=O)C5O)C)CN92 HA 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O?
?
O
?
??
?
?
O
O
?
??
OH
?
OHOH
O
O1CC23C4C5(C(CC2OC(=O)C(OC(=O)C=C(C)C)C3C1(C)C(O)C4O)C(=CC(=O)C5O)C)CN153 HA 0.47
unknown chirality
O
O?
?
O
?
??
?
?
OH
? ?? OOH
?OH
O
O1CC23C4C5(C(CC2OC(=O)C(OC)C3C(O)C(O)C14C)C(=CC(=O)C5O)C)CN106 HA 0.47
unknown chirality
O
O
?
?
OH
?
?
?
?
?
OH
?
?? O
OH
?
OH
O
O1CC23C4C5(C(CC2OC(=O)C(O)C3C(O)C(O)C14C)C(=CC(=O)C5O)C)CN137 HA 0.47
unknown chirality
O
?
OH
?
?
?
?
?
?
?
O
?
O
?
OH
OH
O
O1CC23C4C5(C(CC2OC(=O)CC3C(O)C(O)C14C)C(=CC(=O)C5O)C)CN190 HA 0.47
O
O
N+
O
O
O1c2c(OC1)cc1c(c3[n+](cc4cc(OC)c(OC)cc4c3cc1)C)c2N 57 HA 0.47
racemate
O
&1
OH
OH
O
OH
O
OH
O
P
O(C)c1cc(O)c(C(=O)C)c(O)c1-c1c2c(C(=O)c3c(cccc3O)C2=O)c(O)cc1CN213 HA 0.47
unknown chiralityO
?
OH??
?
?
??
O
OH
?
?
O
OH
O
O1CC23C4C5(C(CC2OC(=O)CC3C(=C)C(O)C14O)C(=CC(=O)C5O)C)CN94 HA 0.47
unknown chirality
O
O
?N
?
?
?
NH
O
OH
O(C)c1cc2C3N(CC(CC)C(C3)CC3NCCc4c3cc(OC)c(O)c4)CCc2cc1OC135 HA 0.47
unknown chirality
O?
OH
?
?
?
O
? ?
?
?
O
O
O
O O1C23C1CC(C2(CC(OC(=O)C)C1C3(C)C(=O)C(O)=C2C(C)(C)C(=O)C=CC12C)C)c1ccoc1N174 HA 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
ORabs
Sabs
?
Sabs
O
R
abs
?
Rabs
O
O
R
abs
?
?
O O
? OH
O1C(=O)C(=CC1O)[C@@H]1C[C@H]2O[C@@]23[C@]1(C[C@@H]1O[C@@]12[C@@]1([C@H]4C(OC[C@@]4(C=CC1=O)C)=C[C@]23C)C)CN292 HA 0.47
N
NN
N
N=1C=2C(N(c3c(cccc3)C=2C=2c3c(N(C=4C=2N=C2C=4C=CC=C2)C)cccc3)C)=C2C=1C=CC=C2N211 HA 0.47
unk nown c h i ra l i ty
OH N
+
NH
?
N N
H
?
OH
N
Oc1ccc2c([nH]c3-c4[n+](cc(C=C)c(CC5N(CCc6c5[nH]c5c6cccc5)C)c4O)CCc23)c1C1N(CCC1)CN262 HA 0.47
unk nown c h i ra l i ty
O
O?
O
?
O
?
?
O1OC(CC(CC)C1CC(OC)=O)(CC(CC)C=CCC)CN245 HA 0.33
unknown chiralityO
?
??
?
R
abs
O=C1C2C3C(C2(CC[C@H]3C(C)C)C)C(=C1)CN284 HA 0.33
unknown chirality
?
?
C12C(CC1(C)C)C(CCC=C(CC2)C)=CN232 HA 0.33
O
OH
OH
OH
Oc1c(CC=C(C)C)c(O)c(cc1C(=O)C=Cc1ccc(O)cc1)CC=C(C)CN307 HA 0.33
O
O
NH
O1C2=CC(=O)C=C3C=C(NC(C=C1C)=C23)CN117 HA 0.3
unknown chirality
Cl
?
?
ONH
O
?
?
O
OH
?
ClCCC1C2(OC(=O)C2(NC1=O)C(O)C1CCCC=C1)CN100 HA 0.33
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
S
abs? ?O
Rabs
?
??
O
O
Rabs
O
OH
O1[C@H]2[C@@H](C(C)C1=O)C(OC(=O)C([C@H](O)C)=C)[C@]1(C(C=CC1=O)C(C2)C)CN248 HA 0.33
unknown chirality
O
N N
H
? N
?
?
NH
O=C(NC1CC2C(N(C1)C)Cc1c3c2cccc3[nH]c1)N(CC)CCN261 HA 0.33
O
O
OH OH
O
OH
O O1c2c(C(=O)C(CC=C(C)C)=C1c1cc(O)c(OC)cc1OC)c(O)cc(O)c2N291 HA 0.33
unknown chirality
O
O
R
abs
S
abs
R
abs
S
abs
OH
?
R
abs
R
abs
OH
O
o1c2c(cc1)[C@@H](C1[C@H](C2)[C@]2(C)[C@@](O)(C[C@@H]1O)C(CC[C@@H]2OC(=O)C)(C)C)CN244 A 0.33
unknown chirality
O
O
??
?O
?
O
OH
O
O O1C2=CC(=O)C1(CC(OC(=O)C(=CC)C)C1C(OC(=O)C1=C)C=C2CO)CN3 0 HA 0.33
unknown chirality
O?
Sabs
?
Rabs
Sabs
S
abs
?
Sabs
O O=C1[C@@H]2[C@@H]3[C@H](C[C@H]1C)C[C@@H]([C@H]1[C@@H]3[C@H](CC2)C(=O)CC1)CN1 HA 0.33
unknown chirality
O
?
? O?
?
?
OH
O
?
O
OO
o1c2c(cc1)C(=O)C1C(C2)C2(C)C(O)(CC1)C(C)(C)C(OC(=O)C)CC2OC(=O)CN204 HA 0.33
unknown chirality
O
O
?
??
?
?O
?
OH
?
O
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(CC1)C(C)(C)C(OC(=O)C)C(OC(=O)C)C2OC(=O)C)=CN 84 HA 0.33
unknown chirality
O
O
O
?
OH
?
?
?
?
OH
O1c2c(CC13C1(C(CCC3C)C(C)(C)C(O)CC1)C)c(O)cc(C=O)c2C=ON243 HA 0.33
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
?
?
?
OH
?
?
O
?
OH
O
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(OC(=O)C)C1O)C(CCC2=O)(C)C)=CC(OC)=ON 97 HA 0.33
unknown chirality
O
?
?
?
OH
?
?
O
O
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(CCC2=O)(C)C)C(OC(=O)C)C1)=CC(OC)=ON289 HA 0.33
unknown chirality
O
?
Rabs Rabs
S
absSabs
Rabs
O
OH
O=C1C[C@@]2([C@H](CC[C@]34[C@H]2C[C@H](CC3=O)C(C4)=C)C(C)(C)[C@@H]1O)CN107 HA 0.33
unknown chirality
O
?
? ?
O
OH
? ?O ?OH
O
O
o1c2c(cc1)C(=O)C1C(C2)C2(C)C(O)(C(OC(=O)C)C1O)C(CCC2=O)(C)CN165 HA 0.33
unknown chiralityO
N?
?
OH
?
O
N
?
O(C)c1ccc2c(N(C3C24C2N(CCCC2(CC3)CC)CC4)C(=O)C)c1O111 HA 0.33
unknown chirality
O
?
OH
N
OH
?
O
O(C)c1c2c(CC(N(C)C2C)C)cc(O)c1-c1c(cc2c(c1O)c(OC)ccc2)CN200 HA 0.33
unknown chirality
O
OH
?? N
O
OH
O(C)c1cc(O)c2c(CC(N(C)C2C)C)c1-c1c2c(c(OC)cc(c2)C)c(O)cc1N230 HA 0.33
unknown chirality
O
?
?
O ?
O
OH
? ?
O
O1C23C(=CC4C(CCC14C)C2(C=O)C)C(=O)c1c(ccc(O)c1)C3=ON202 HA 0.33
unknown chirality
O
O?
?
O
?
??
?
?
O?
O
?
??
OH
?
OHOH
?
OH
O1CC23C4C5(C(CC2OC(=O)C(OC(=O)C(CC)C)C3C1(C)C(O)C4O)C(=CC(O)C5O)C)CN91 HA 0.33
Structure Smiles ID Hit_Status Consensus…
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O
O
N
O1c2c3c4c(CCN(c4cc4c3cccc4)C)cc2OC1N239 HA 0.33
unknown chiralityO
O
? ?
? ?
?
O
?O
?
OH
O
O
O O1C2C3C(Cc4occc4C3C1=O)C1(C)C(O)(C(CCC1=COC(=O)C)(C)C)C2OC(=O)CN303 HA 0.33
unk nown c h i ra l i ty
O
O
?
?O
OH
OH
OH
OH
OHOH
OH
OH
O1c2c(CC(OC(=O)c3cc(O)c(O)c(O)c3)C1c1cc(O)c(O)c(O)c1)c(O)cc(O)c2N139 HA 0.33
unknown chirality
O
O
N
H
?
?
?N O
O
O(C)C1=CC=2C(=CC1=O)CCNC=2CC1CC2N(CC1CC)CCc1cc(OC)c(OC)cc12N221 HA 0.33
unk nown c h i ra l i ty
O
O
?
N
?
?
?
NH
NHOH
O(C)c1cc2C3N(CC(CC)C(C3)CC3NCCc4c3[nH]c3c4cc(O)cc3)CCc2cc1OC102 HA 0.33
unknown chirality
OH
N
H
N
??
N
NH
Oc1cc2c3c([nH]c2cc1)c(ncc3)CC1CC2N(CC1=CC)CCc1c2[nH]c2c1cccc2N236 HA 0.33
rac emate
O OHOH
R&1
O
O
OH
OH
Oc1c2c(ccc1[C@@H]1c3c(C(=O)c4c1cccc4O)c(O)cc(c3)C)C(=O)c1c(C2=O)c(O)cc(c1)CN257 HA 0.33
unknown chirality
O
Rabs
Sabs
?
S
abs
O
R
abs
?
R
absS
abs
O
Rabs
O
?
O
O
O
?
OH O1C(=O)C(=CC1O)[C@@H]1CC=C2[C@]1(C[C@@H]1O[C@@]13[C@@]1([C@H]4[C@@H](OC[C@@]4(C=CC1=O)C)[C@@H](OC(=O)c1ccccc1)[C@@]23C)C)CN237 HA 0.33
NN
N
N
n1c2c3c(n(c2cc2c1cccc2)C=1c2c(N(C4=Nc5c(C=14)cccc5)C)cccc2)cccc3N312 HA 0.33
Structure Smiles ID Hit_Status Consensus…
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r acem at e
O
NH
S& 1
N
H
N
N
O=C1NCCCN(CCCCN(CCCNC(C1)CCCCCCCCCCCCCCC)C)CN186 HA 0.33
r acem at e
O
NH
S& 1
N
N
NH
O=C1NCCCN(CCCCNCCCN(C)C(C1)CCCCCCCCCCCCCCC)CN199 HA 0.33
rac emate
OH
OH
S&1
Oc1cc(ccc1O)C(CCC=C(CCC=C(C)C)C)(C=C)CN293 HA 0.20
rac emate
S SO
O
S
&1
OH
s1c(ccc1CCOC(=O)C(C#CCCCCC)CO)-c1sccc1N132 HA 0.20
unk nown c h i ra l i ty
O
O
?
?
OH
OH
?
OH
? O
OH
?
OH
?
OH
O1C(CC(O)C(O)C(O)C=CCC(O)C)C(O)c2c(C1=O)c(O)cc(OC)c2N99 HA 0.20
unknown chirality
O?
O OH
OH?
OH
OH
O1c2c(C(=O)CC1c1c(O)cccc1O)c(O)cc(O)c2CC(C(C)=C)CC=C(C)CN98 HA 0.20
unknown chirality
OO
N
OH
?
O
O(C)c1c2c(CC(N=C2C)C)cc(OC)c1-c1c(cc2c(c1O)c(OC)ccc2)CN201 HA 0. 0
unknown chirality
O
?
O
N
OH
?
O
O(C)c1c2c(CC(N(C)C2C)C)cc(OC)c1-c1c(cc2c(c1O)c(OC)ccc2)CN196 HA 0.20
unknown chirality
O
OH
?? N
O
O
O(C)c1cc(O)c2c(CC(N(C)C2C)C)c1-c1c2c(c(OC)cc(c2)C)c(OC)cc1N235 HA 0.20
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
?
NH
OH
? O
OH
O(C)c1c2c(CC(NC2C)C)c(-c2c3c(c(O)cc(c3)C)c(OC)cc2)c(O)c1N266 HA 0.20
th is  enantiomer
N Rabs
R
absN
NH
NH
[nH]1c2c(cccc2)c(CCNC)c1C=C[C@]1(n2c([C@H](C1)C=C(C)C)c(c1c2cccc1)CCN(C)C)CN140 HA 0.20
th is  enantiomer
N Sabs
S
absN
NH
N
[nH]1c2c(cccc2)c(CCN(C)C)c1C=C[C@@]1(n2c([C@@H](C1)C=C(C)C)c(c1c2cccc1)CCN(C)C)CN145 HA 0.20
unknown chirality
O
O?
?
O
?
??
?
?
O
O
?
??
O
O
OH
OH
OHO
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4OC(=O)C)C(C)=C(O)C(=O)C1)CN116 HA 0.20
unknown chirality
O
O
? ?
OH
? ?
OH
?
?
?
O
?
?
?
OH
?
OHOH
O
O1CC23C4C5(C(CC2OC(=O)C(O)C3(O)C1(C)C(O)C4O)C(=CC(=O)C5O)C)CN122 HA 0.20
unknown chirality
O
O
?
?
OH
?
?
OH
?
?
?
?
?? O
OH
?OH
OH
O
O1CC23C4C5(C(CC2OC(=O)C(O)C3(O)C(C)C(O)C14O)C(=CC(=O)C5O)C)CN193 HA 0.20
unknown chirality
O
O
?
?
OH
?
?
OH
?
?
?
?? O
OH
?OH
OH
O
O1CC23C4C5(C(CC2OC(=O)C(O)C3(O)C(=C)C(O)C14O)C(=CC(=O)C5O)C)CN150 HA 0.20
unknown chirality
O
O
?
O
OH
O?
?
OH
?
OH
?OH
OH
OH
OH
O1C(C)C(O)C(O)C(O)C1OC1=C(Oc2c(C1=O)c(O)cc(O)c2)c1cc(O)c(O)cc1N86 HA 0.20
unknown chirality
OO
?
?
OH?
?
OH
?
O
?
?
O?
?
?
OH
?
OH
OH
O
O1CC12C1(O)C34OCC(O)(C3C3(C(CC4OC(=O)C1O)C(=CC(=O)C3O)C)C)C2ON126 HA 0.20
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
OH
?
?
?
?
?
?OH OC=1C(=O)C=C2C(=CC=C3C4(CCC5(C(CC(CC5)CO)C4(CCC23C)C)C)C)C=1CN133 HA 0.20
unknown chirality
N
H
S
absS
abs
Sabs
?
S
abs
?
? S
abs
S
abs
S
abs
N 2H N1C[C@H](CC[C@@H]1[C@@H](C)[C@H]1CC[C@H]2[C@H]3[C@H](CC[C@]12C)[C@@]1(C(C[C@@H](N)CC1)=CC3)C)CN118 HA 0.20
unk nown c h i ra l i ty
O
OH
??
?
?
?
?
?
OH
O
OC1C(=O)C(CC2C1(CCC1(C3=CC=C4C(=CC(=O)C(O)=C4C)C3(CCC12C)C)C)C)CN311 HA 0.20
th is  enantiomer
O
OH
R
abs
Rabs
Rabs
S
absRabsO
OC=1C(=O)C=C2C(=CC=C3[C@]4(CC[C@@]5([C@@H](CC(CC5)=C)[C@@]4(CC[C@@]23C)C)C=O)C)C=1CN148 HA 0.20
unknown chirality
ORabs
?
?
Sabs
S
abs
?
Rabs
O
R
abs
OH
Sabs
O
O1[C@@H]2[C@@H]3[C@]([C@H]4CC[C@@]5(C(=CC[C@H]5c5ccoc5)[C@]4(C)[C@@H]2O)C)(C)C(=O)C=C[C@]3(C1)CN268 HA 0.20
rac emate
O
O OH
O
&1
OHO
OOH
O
M
O1c2c(C(C=C1c1ccc(OC)cc1)=C)c(O)cc(OC)c2-c1cc(ccc1O)C=1Oc2c(C(=O)C=1)c(O)cc(OC)c2N206 HA 0.20
unk nown c h i ra l i ty
O
?
Rabs
Rabs
O
R
abs
O
O
OH
OH
OH
OH
O1c2c(ccc(O)c2)C(=O)[C@H]([C@H]2[C@@H](Oc3c(ccc(O)c3)C2=O)c2ccc(O)cc2)[C@H]1c1ccc(O)cc1N13 A 0.20
unk nown c h i ra l i ty
O
?
Rabs
Rabs
O
R
abs
O
O
OH
OH
OH
OH
O1c2c(ccc(O)c2)C(=O)[C@H]([C@H]2[C@@H](Oc3c(ccc(O)c3)C2=O)c2ccc(O)cc2)[C@H]1c1ccc(O)cc1N169 A 0.20
unknown chirality
O
N
?
?
?
?
N
?
?
?
?
N
? ?N
OH
O
O=C1N2C3C4(C5N(CC(C(C3C=C1C1N3CC(C6C=7C8N(c9c(C8(C1)C3C6)cccc9)C(=O)CC=7)=CC)C5)=CCO)CC4)c1c2cccc1N152 HA 0.20
Structure Smiles ID Hit_Status Consensus…
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r acem at e
O
NH
S& 1
N
N
N
O=C1NCCCN(CCCCN(CCCN(C)C(C1)CCCCCCCCCCCCCCC)C)CN178 HA 0.20
unknown chir alit y
O
NH
?
N
N
N
?
O H
O=C1NCCCN(CCCCN(CCCN(C)C(C1)CCCCCC(O)CCCCCCC)C)CN214 HA 0.20
unk nown c h i ra l i ty
O
O ? ?
NH
?
?
?
?
OH
O(C(=O)C=CCCCCC)C1CC2C(NC1C)CCCC2CCCCC(O)CCCN253 HA 0.07
unknown chirality
O?
O OH
O?
OH
OH
O1c2c(C(=O)CC1c1c(O)cccc1O)c(O)cc(OC)c2CC(C(C)=C)CC=C(C)CN96 HA 0.07
O
OHO
O
OH
OH
O1c2c(c3c(Oc4c(c(O)c(CC=C(C)C)c(O)c4)C3=O)c(CC=C(C)C)c2O)C=CC1(C)CN295 HA 0.07
unk nown c h i ra l i ty
O Sabs
?
OH
SabsOH
O1c2c([C@@H]3[C@H](CC[C@@H](C3)C)C1(C)C)c(O)cc(c2)C=Cc1ccccc1ON225 HA 0.07
th is  enantiomer
N Sabs
R
absN
NH
N
[nH]1c2c(cccc2)c(CCN(C)C)c1C=C[C@@]1(n2c([C@H](C1)C=C(C)C)c(c1c2cccc1)CCN(C)C)CN146 HA 0.07
unknown chirality
O O
?
?
O ?
?
?
?
?
O
O
?
?
?
O O
OH
OH
OH
O
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4OC(=O)C=C(C(C)C)C)C(C)=C(O)C(=O)C1)CN82 HA 0.07
unknown chirality
O
O?
?
O
?
??
?
?
O
O
?
??
O
O
OH
OH
OHO
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4OC(=O)C=C(C)C)C(C)=C(O)C(=O)C1)CN90 HA 0.07
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O?
?
O
?
??
?
?
O
O
?
??
O
O
OH
OH
OH
OH
O
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4OC(=O)C=C(C(O)(C)C)C)C(C)=C(O)C(=O)C1)CN95 HA 0.07
unknown chirality
O
O?
?
O
?
??
?
?
O
O
?
??
O
O
OH
OH
OHO
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4OC(=O)CC(C)C)C(C)=C(O)C(=O)C1)CN115 HA 0.07
unknown chirality
O
O?
?
O
?
??
?
?
O
O
?
??
O
O
OH
?
OHOH
O
O1CC23C4C5(C(CC2OC(=O)C(OC(=O)CC(C)C)C3C1(C(OC)=O)C(O)C4O)C(=CC(=O)C5O)C)CN127 HA 0.07
unknown chirality
O
ORabs
?
O
S
abs ?S
abs
Sabs
Sabs
O
O
Sabs
R
absR
abs
O
OH
OH
R
absOHOH
O
O1[C@H]2[C@]34[C@@H]([C@@H](OC(=O)CC(C)C)C1=O)[C@@](OC3)(C(O)=O)[C@@H](O)[C@H](O)[C@@H]4[C@@]1([C@@H](C2)C(=CC(=O)[C@H]1O)C)CN277 HA 0.07
racemate
O
O OH
R
&1
OH
OH
O
O
O1c2c3C(CC4=C(Oc5c(C4=O)c(O)cc(O)c5CC=C(C)C)c3c(O)cc2OC)C1(C)CN179 HA 0.07
unknown chirality
O
OH
?
?
?
?
?
?
?
?
OH
OC1CCC2(C(CCC3(C2CC=C2C4CC(CCC4(CCC23C)C(O)=O)(C)C)C)C1(C)C)CN123 HA 0.07
racemate
O
S&1
O OH
O
O
OH
OH
O1c2c(C=CC1(C)C)c(O)c1c(OC3=C(C(Oc4cc(O)c(O)cc34)C=C(C)C)C1=O)c2CC=C(C)CN113 HA 0.07
unknown chirality
O
OH
?
?
?
?
?
OC=1C(=O)C=C2C(=CC=C3C4(CCC5(C(CC(=CC5)C)C4(CCC23C)C)C)C)C=1CN195 HA 0.07
unk nown c h i ra l i ty
O
OH
?
?
?
?
?
?
OOH
OC=1C(=O)C=C2C(=CC=C3C4(CCC5(C(CC(CC5)(C(O)=O)C)C4(CCC23C)C)C)C)C=1CN246 HA 0.07
Structure Smiles ID Hit_Status Consensus…
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unk nown c h i ra l i ty
O
OH
?
?
?
?
?
?
O O
OC=1C(=O)C=C2C(=CC=C3C4(CCC5(C(CC(CC5)(C(OC)=O)C)C4(CCC23C)C)C)C)C=1CN247 HA 0.07
unk nown c h i ra l i ty
O
OH
??
?
?
?OH
OC=1C(=O)C=C2C(=CC=C3C4(CCC5(C(CC(CC5)=C)C4(CCC23C)C)CO)C)C=1CN212 HA 0.07
unknown chirality
O
OH
?
?
?
?
?
OC=1C(=O)C=C2C(=CC=C3C4(CCC5(C(CC(CC5)=C)C4(CCC23C)C)C)C)C=1CN250 HA 0.07
this enantiomer
O
OH
Rabs
Rabs
R
abs
Sabs
R
abs
O
O
OC=1C(=O)C=C2C(=CC=C3[C@]4(CC[C@@]5([C@@H](CC(CC5)=C)[C@@]4(CC[C@@]23C)C)C(OC)=O)C)C=1CN119 HA 0.07
unknown chirality
O O
?
?
O ? ?
?
?
?
O
O?
?
?
?
OO
OH
OH
O
O
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4OC(=O)C)C(C=C2OC(=O)C=C12)C)CN87 HA 0.07
unknown chirality
N ?
?
?
NH
NH
NH [nH]1c2c(cccc2)c(CCNC)c1C1n2c(C3C1C(CC(=C3)C)(C)C)c(c1c2cccc1)CCNCN147 HA 0.07
unknown chirality
S
N
? NH
?
ONH
O
?
N
?
S
O
N
?
?
N
H
O
s1c2nc(c1)C(=O)NC(C=1OC(C(N=1)C(=O)NCc1scc(n1)C(=O)NC2C(CC)C)C)C(CC)CN296 HA 0.07
unk nown c h i ra l i ty
O
O
? O
OH
O
Sabs
R
abs
OH
S
abs
OH
Rabs
OH
OH
O
OH
? OSabs
Rabs
OH
Sabs
S
absOH
OH OH
O1c2c(C(=O)C(O[C@@H]3O[C@H](C)[C@H](O[C@@H]4O[C@H](CO)[C@@H](O)[C@H](O)[C@H]4O)[C@@H](O)[C@H]3O)=C1c1cc(O)c(O)cc1)c(O)cc(O)c2N89 HA 0.07
unk nown c h i ra l i ty
O
OH
? ?
N?
O
?
NH
NH
O
O
O(C)C1CC2(c3c4C(N(CCc4cc(OC)c3O)C)C2)CCC12NCCc1c2[nH]c2cc(OC)c(OC)cc12N298 HA 0.07
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O N
?
?
N
H
?
O
NH
O
?
?
NH
O
N
O
O O=C1NC(C(CC)C)C(=O)N2C(CCCC2)C(=O)NC(CCCCCC(=O)CC)C(=O)NC1Cc1c2c(n(OC)c1)cccc2N134 HA 0.07
unk nown c h i ra l i ty
O
OH
?
N
?N
OH
O
OH
O
O(c1cc(ccc1O)CC1N(CCc2c1cc(O)c(OC)c2)C)c1ccc(cc1)CC1N(CCc2c1cc(O)c(OC)c2)CN17 HA 0.07
racemate
O
O
S&1
O
O
N
N
O
O O1c2c3C(N(CCc3cc(OC)c2OC)C)Cc2cc(Oc3ccc(CC4=NCCc5cc(OC)c1cc45)cc3)c(OC)cc2N175 HA 0.07
unk nown c h i ra l i ty
O
OH
?
O
O
N
?
NH
O
O
O1c2c3C(N(CCc3cc(OC)c2O)C)Cc2ccc(Oc3cc(CC4NCCc5cc(OC)c1cc45)ccc3OC)cc2N154 HA 0.07
unknown chirality
O
OH
?
O
O
N
?
N
O
O O1c2c3C(N(CCc3cc(OC)c2O)C)Cc2cc(Oc3ccc(CC4N(CCc5cc(OC)c1cc45)C)cc3)c(OC)cc2N142 HA 0.07
rac emate
O
O
N
S
&1
NH
O
O
O
O1c2c3Oc4c1cc1CCN=C(Cc5cc(Oc6ccc(C[C@@H]7NCCc(cc2OC)c37)cc6)c(OC)cc5)c1c4N269 HA 0.07
unk nown c h i ra l i ty
O
O
?
N
?
NH
O
O
O
O1c2c3Oc4c1cc1CCN(C(Cc5cc(Oc6ccc(CC7NCCc(cc2OC)c37)cc6)c(OC)cc5)c1c4)CN177 HA 0.07
unk nown c h i ra l i ty
O
? OH
OH
?
O
O
O
?
??
O
O
?
?
O
? ?
?
O?
O
? OH
O
OH
?
?
OO
?
OH OHO O1C(C)C(O)(C(=O)C)C(O)CC1OC12Oc3c(C4OC(OC14)(C(OC)OC)C12OC1)c(cc1c3c(O)c2c(C(OC3OC(C)C(O)C(O)(C3)C)CC(O)C2=O)c1OC)CN84 HA 0.07
unknown chir alit y
O
??
O
??
?
O?O
O H
?
O H?
O
?
O?
?
?
O H
?
?
OH
?
?
?
O H
?OH
?
O H
O H
?
?
??
?O
?
NH
?
O1C(CO)C(OC2OC(C)C(O)C(O)C2O)C(O)C(OC2OC(C)C(O)C(O)C2O)C1OC1CC2=CCC3C4CC5OC6(NCC(CC6)C)C(C5C4(CCC3C2(CC1)C)C)CN287 HA 0.07
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
N
?
?
??
N
?
?
?
?
N
? ?N
?
?
OH
OO
O1C2CC(=O)N3C4C5(CC(N6C5CC(C24)C(=CC1)C6)C1=CC2C4CC5N(CC4=CCO)CCC45C2N(c2c4cccc2)C1=O)c1c3cccc1141 HA 0.07
unknown chir alit y
O
NH
?
N
H
N
N
?
O H
O=C1NCCCN(CCCCN(CCCNC(C1)CCCCCC(O)CCCCCCCCC)C)CN226 HA 0.07
unknown chirality
O
O
?
?
?
?
?
?
N
?
?
N
O(C(=O)CC=C(C)C)C1C23C(C4C(C1)C1(C(CC(N(C)C)CC1)=CC4)C)CCC2CN(C3)CN321 HA -0.07
unknown chirality
O
O
?
O
OH
OSabs
R
abs
OH
S
abs
OH
SabsOH
OH
OH OH
OH
O1c2c(C(=O)C(O[C@@H]3O[C@H](CO)[C@@H](O)[C@H](O)[C@H]3O)=C1c1cc(O)c(O)cc1)c(O)cc(O)c2N88 HA -0.07
racemate
O
O OH
R
&1
O
OH
O
OH
O1c2c3C(CC4=C(Oc5c(C4=O)c(O)c4c(OC(C=C4)(C)C)c5CC=C(C)C)c3c(O)cc2O)C1(C)CN267 HA -0.07
unk nown c h i ra l i ty
O
S
abs
?
OH
Rabs Rabs
R
abs
S
abs
O
OH
? S
abs
O ?
R
abs
O
R
abs
S
abs
O
R
abs
O Rabs
Sabs Sabs
R
abs O
OH
Rabs
O
S
absO
O1[C@@](C)([C@H](OC)[C@@H](C)[C@@]12O[C@@H](C[C@H](OC)[C@@H]2C)[C@@H](O)[C@@](OC)([C@@H](OC)C)C)[C@@H]1O[C@@H](CC1)[C@@H]1O[C@H](CC1)[C@H]1O[C@@](O)(C)[C@H](C)[C@@H](O)[C@@H]1CN216 HA -0.07
unk nown c h i ra l i ty
N
?
?
NH
?
? NHN
H
[nH]1c2c(CCNC2CC2CC3N(CC2CC)CCc2c3[nH]c3c2cccc3)c2c1cccc2N166 HA -0.07
unk nown c h i ra l i tyO
OH
O
? ?
?OH
?
?
O
OHO O1C2=C(CC3CC(C=CCC4(OC5=C(CC4CC(O)C13C)C(=CC(=O)C(O)=C5)C)C)(C)C)C(=CC(=O)C(O)=C2)CN240 HA -0.07
t his enant iom er
O
OH
O O
R
abs
O Rabs
R
abs
O
S
abs
R
abs O
OH
O
O
O
OOH
OH
O
O1[C@H](COC(=O)CC2(O)C=CC(=O)C=C2)[C@@H](O)[C@H](OC(=O)Cc2ccccc2)[C@@H](OC(=O)Cc2ccc(O)cc2)[C@@H]1OC(=O)CC1(O)C=CC(=O)C=C1N305 HA -0.07
Structure Smiles ID Hit_Status Consensus…
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t his enant iom er
O
OH
O O
R
abs
O Rabs
R
abs
O
S
abs
R
abs O
OH
O
O
O
OOH
OH
O
O1[C@H](COC(=O)CC2(O)C=CC(=O)C=C2)[C@@H](O)[C@H](OC(=O)Cc2ccc(O)cc2)[C@@H](OC(=O)Cc2ccccc2)[C@@H]1OC(=O)CC1(O)C=CC(=O)C=C1N304 HA -0.07
racemateO
O
OH
OH
&1O
OOH
OH
OH
M
O1c2c(C(C=C1c1ccc(O)cc1)=C)c(O)cc(O)c2-c1cc(ccc1OC)C=1Oc2c(C(=O)C=1)c(O)cc(O)c2N220 HA -0.07
rac emate
O
O OH
&1
O
OH
O
O
OOH
O M
O1c2c(C(=O)C=C1c1ccc(OC)cc1)c(O)cc(OC)c2-c1cc(ccc1O)C=1Oc2c(C(=O)C=1)c(O)cc(OC)c2N203 HA -0.07
rac emate
O
O
OH
&1
OH
O
OH
O
O
OH
OH
M
O1c2c(C(=O)C=C1c1ccc(O)cc1)c(O)cc(O)c2-c1cc(ccc1OC)C=1Oc2c(C(=O)C=1)c(O)cc(O)c2N219 HA -0.07
unknown chirality
O
O
OH
?
N
?
N
OOH
O O1c2cc3C(N(CCc3cc2OC)C)Cc2ccc(Oc3c4C(N(CCc4cc(OC)c3O)C)Cc3cc1c(O)cc3)cc2N234 HA -0.07
unknown chirality
O
OH?
O
N
?
N
O
OH
O O1c2c3C(N(CCc3cc(OC)c2O)C)Cc2ccc(Oc3c4C(N(CCc4cc(OC)c3O)C)Cc3ccc1cc3)cc2N314 HA -0.07
unk nown c h i ra l i ty
O
OH
?
O
O
N
?
N
O
O
O1c2c3C(N(CCc3cc(OC)c2O)C)Cc2ccc(Oc3cc(CC4N(CCc5cc(OC)c1cc45)C)ccc3OC)cc2N176 HA -0.07
unk nown c h i ra l i ty
O
O
?
O
OH
N
?
N
O
O
O1c2c3C(N(CCc3cc(O)c2OC)C)Cc2ccc(Oc3cc(CC4N(CCc5cc(OC)c1cc45)C)ccc3OC)cc2N191 HA -0.07
unk nown c h i ra l i ty
O
O
?
O
O
N
?
N
O
O
O1c2c3C(N(CCc3cc(OC)c2OC)C)Cc2ccc(Oc3cc(CC4N(CCc5cc(OC)c1cc45)C)ccc3OC)cc2N241 HA -0.07
Structure Smiles ID Hit_Status Consensus…
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unk nown c h i ra l i ty
O
O
?
O
O
N
?
N
O
OH
O1c2c3C(N(CCc3cc(OC)c2OC)C)Cc2ccc(Oc3cc(CC4N(CCc5cc(OC)c1cc45)C)ccc3O)cc2N264 HA -0.07
unk nown c h i ra l i ty
OH
?
N
NH ?
?
?
N+?
N
?OH
Oc1ccc2[nH]c3C4[N+](CC(=CC)C(C4)CCO)(CCc3c2c1C1n2c3C4N(CCCC4(C1)CC)CCc3c1c2cccc1)CN128 HA -0.07
unknown chir alit y
O
?
?
O?
?
?
O
?
OH
OH
?
O
O
?
?
?
?
OH ?
O
?
?
?
OH
?
OH
?
?
OH
?
OH
?
OH
OH ? ?
?
?
N ?
?
O1C(CO)C(O)C(OC2OC(CO)C(O)C(O)C2O)C(OC2OC(C)C(O)C(O)C2O)C1OC1CC2=CCC3C4CC5N6C(CCC(C6)C)C(C5C4(CCC3C2(CC1)C)C)CN249 HA -0.07
unknown chir alit y
O ?? O
??
?
O?O
OH
?
OH?
O
?
O?
?
?
OH
?
?
OH
?
?
?
OH
?OH
?
OH
OH
?
?
??
?N
?
?
O1C(CO)C(OC2OC(C)C(O)C(O)C2O)C(O)C(OC2OC(C)C(O)C(O)C2O)C1OC1CC2=CCC3C4CC5N6C(CCC(C6)C)C(C5C4(CCC3C2(CC1)C)C)CN299 HA -0.07
unknown chir alit y
O
?
?
O?
?
?
O
?
OH
O H
?
O
O
?
?
?
?
OH ?
O
?
?
?
O H
?
O H
?
?
O H
?
OH
?
OH
OH
?
?
?
?
O
?
N
H
?
O1C(CO)C(O)C(OC2OC(CO)C(O)C(O)C2O)C(OC2OC(C)C(O)C(O)C2O)C1OC1CC2=CCC3C4CC5OC6(NCC(CC6)C)C(C5C4(CCC3C2(CC1)C)C)CN272 HA -0.07
unknown chirality
N ?
?
Rabs
NH
N
N [nH]1c2c(cccc2)c(CCN(C)C)c1[C@@H]1n2c([C@@H]3[C@H]1C(CC(=C3)C)(C)C)c(c1c2cccc1)CCN(C)CN112 HA -0.20
unk nown c h i ra l i ty
O
? ?
OH
? ?
?
?
O
OH
R
abs
?
O Rabs
S
abs
O
S
abs
?
O
R
abs
O ?
? ?
R
abs O
OH
Rabs
O
S
absO
O1C([C@@H]2O[C@H](CC2)[C@H]2O[C@H](CC2)[C@]2(OC3(OC(CC(OC)C3C)[C@@H](O)[C@@](OC)([C@@H](OC)C)C)[C@H](C)[C@H]2OC)C)C(C)C(O)C(C)C1(O)CN215 HA -0.20
unk nown c h i ra l i ty
OOH
Sabs
?
? S
absS
abs
Sabs
S
abs
S
absR
abs
?O
?
OH
OH
Oc1cc(ccc1O)C=CC(O[C@H]1CC[C@]2([C@@H](CC[C@@]3([C@@H]2CC[C@@H]2[C@@H]4[C@@](CC[C@]23C)(CC[C@H]4C(C)=C)C(O)=O)C)C1(C)C)C)CN323 HA -0.20
O
O OH
O
OH
OH
O
OOH
OH
O1c2c(C(=O)C=C1c1ccc(O)cc1)c(O)cc(O)c2Oc1ccc(cc1)C=1Oc2c(C(=O)C=1)c(O)cc(O)c2N255 HA -0.20
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O
?
O
O
N
?
N
O
O O1c2c3C(N(CCc3cc(OC)c2OC)C)Cc2cc(Oc3ccc(CC4N(CCc5cc(OC)c1cc45)C)cc3)c(OC)cc2N207 HA -0.20
unk nown c h i ra l i ty
O
O
?
?
N
H
N
?
?
?
O
NH
?
?
?
N
O
O
O(C)c1cc2c3c([nH]c2cc1C1CC2C(C(N(CC2=CC)C)Cc2c1[nH]c1c2cccc1)C(OC)=O)C1(C2N(CC(C1)CC2CC)CC3)C(OC)=ON228 HA -0.20
unknown chirality
OH
NH
N
? ?
?
OH
?
NN
?
OC12C=C(C3C4(C1N1C(C4)C=CCCCC1)CN(CC3)CCCCC=CCC2)c1nccc2c1[nH]c1c2cccc1ON97 HA -0.20
unknown chirality
OH
??
N
?
?
?
NN
NH
OC12C=C(C3C4(C1N1C(C4)C=CCCCC1)CN(CC3)CCCCC=CCC2)c1nccc2c1[nH]c1c2cccc1N101 HA -0.20
unk nown c h i ra l i ty
OO
? N?
?
O ??
?
N
O ?
?
?
? ?
N
N
O1C23N4c5c(C2(CC2C6C(C7N(C(C6)c6n(c8c(c6C7)cccc8)C)C)COC12C)CCN1CC(C(CC13)C4C(OC)=O)=CC)cccc5N209 HA -0.20
unknown chirality
O
N
?
?
?
?
N
?
?
??
N
?
?
NO
O=C1N2C3C4(C5N(CC(C(C3C=C1C1N3CC(C6C=7C8N(c9c(C8(C1)C3C6)cccc9)C(=O)CC=7)=CC)C5)=CC)CC4)c1c2cccc1N185 HA -0.20
unk nown c h i ra l i ty
OH?
?
NH
Rabs
?
S
abs
N
N
NH
N
NH
O[C@@]12[C@@H]3NCCCCC=CCC[C@]34[C@@H](CCN(CCCCC=CCC1)C4)C(=C2)[C@H]1N(CCc2c1[nH]c1c2cccc1)CCc1nccc2c1[nH]c1c2cccc1N306 HA -0.20
unknown chirality
O
O?
? ?
?
?
?
?
?
O
O
?
OH
O
O
O
O1C(OC(=O)C)C23C(CC(OC(=O)C(CC)C)C=C2C1OC(=O)C)C(CC=C(C=C)C)(C)C(CC3O)CN281 HA -0.33
unknown chir alit y
SN
?
N
H
O
?
?
O
?
N
O
?
O
?
N
?O
?
N
H
O
?
N
s1ccnc1C(NC(=O)C(C(OC)C1N(CCC1)C(=O)CC(OC)C(N(C(=O)C(NC(=O)C(N(C)C)C(C)C)C(C)C)C)C(CC)C)C)Cc1ccccc1N81 HA -0.33
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unknown chir alit y
O
? OH
OH
?
O
O
O
?
??
O
O
?
?
O
? ?
?
O?
O
? OH
O
O
?
?
OO
?
OH
O
OHO O1C(C)C(O)(C(=O)C)C(O)CC1OC12Oc3c(C4OC(OC14)(C(OC)OC)C12OC1)c(cc1c3c(O)c2c(C(OC3OC(C)C(OC(=O)C)C(O)(C3)C)CC(O)C2=O)c1OC)CN83 HA -0.33
unk nown c h i ra l i ty
O
?
O
O
N
O
?
N
O
O
O1c2cc3C(N(CCc3cc2OC)C)Cc2cc(Oc3ccc(CC4N(CCc5c4c1c1OCOc1c5)C)cc3)c(OC)cc2N194 HA -0.33
unknown chir alit y
OO
Ra b s
Ra b s
Sa b s
Sa b s
O
Sa b s
OH
Ra b s
?
Ra b s
OH
Ra b s
O
O
Ra b s
N
Sa b s
Ra b s
?
O H
Sa b s
O
O
Sa b s
Ra b s
O H
Ra b s O H
Sa b s
N
N
N
N
O NH
O H O1[C@H](CC)[C@](O)(C)[C@H](O)[C@H](N(C[C@@H](C[C@](O)(C)[C@H](O[C@@H]2O[C@@H](C[C@H](N(Cc3ccc(cc3)-c3nnn(c3)CCCCCCC(=O)NO)C)[C@H]2O)C)[C@@H](C)[C@H](O[C@@H]2O[C@@H](C)[C@H](O)[C@](OC)(C2)C)[C@@H](C)C1=O)C)C)CN149 HA -0.33
unknown chirality
OO
?
N?
?? ?
N
?
O ?
?
?N N
O1C=C(C2C(C3N(C(C2)c2n(c4c(c2C3)cccc4)C)C)C1)C=CC12N3c4c(C1CCN1C2CC(C3C(OC)=O)C(C1)=CC)cccc4N238 HA -0.33
unk nown c h i ra l i ty
OH
NH
N?
?
?
OH
?N
N
?
OC12C=C(C3C4(C1N1C(C4)C=CCCCC1)CN(CC3)CCCCC=CCC2)c1nccc2c1[nH]c1c2cc(O)cc1N300 HA -0.33
unknown chir alit y
O
?
?
O
?
?
?
OH
?
O
OH OH
?
?
O
?
?
?
O ?
?
?
? O
?
OH
OH
O? ?
?
?
OH
?
O
?
?
?OH OH ?
?
?
OH OH
?
OH
?
O
OH
?
N
H
?
O1C(CO)C(O)C(OC2OCC(O)C(O)C2O)C(OC2OC(CO)C(O)C(O)C2O)C1OC1C(O)C(O)C(OC1CO)OC1CC2CCC3C4CC5OC6(NCC(CC6)C)C(C5C4(CCC3C2(CC1)C)C)CN290 HA -0.33
unk nown c h i ra l i ty
O
OH
OH
OOH
OH
O
O
R
absO
R
abs
R
abs
OHSabs
S
abs
OH
OH
OH
O1[C@H](CO)[C@@H](O)[C@H](O)[C@@H](O)[C@@H]1Oc1cc(O)c(-c2c3c(C(=O)c4c(cccc4O)C3=O)c(O)cc2C)c(O)c1C(=O)CN297 HA -0.47
unknown chir alit y
O
O
O
?
N
O
?
O
N
OH
OH
O
O
O(c1c2CC3N(CCc4c3c(-c2cc(OC)c1OC)c(OC)c(OC)c4O)C)c1ccc(cc1)CC1N(CCc2c1cc(OC)c(OC)c2O)CN229 HA -0.47
unk nown c h i ra l i ty
O
?
?
?
O
OH?
O
O
OHOH
O
OH
OH
O1c2c(C(=O)C(C3C(Oc4c(C3=O)c(O)cc(O)c4)c3ccc(O)cc3)C1c1ccc(OC)cc1)c(O)cc(O)c2N322 HA -0. 7
Structure Smiles ID Hit_Status Consensus…
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unk nown c h i ra l i ty
O
Rabs
R
abs
?
O
OHSabs
O
O
OHOH
O
OH
OH
O1c2c(C(=O)[C@H]([C@H]3[C@H](Oc4c(C3=O)c(O)cc(O)c4)c3ccc(O)cc3)[C@H]1c1ccc(OC)cc1)c(O)cc(O)c2N320 HA -0.47
u n k n o w n  c h ira lity
OO
Ra b s
Sa b sRa b s
O
NN
Sa b s
?
NHR
a b s O
Sa b s
O
NSa b s
O H
N2H
N2H
O1[C@]2(N=C3N[C@@]4(O[C@H](C=CCC4)CC)C[C@H]4N3[C@H](CC4)[C@@H]2C(OCCCCCCCCCCCCCCCC(=O)N(CCCN)C[C@@H](O)CCN)=O)CCC[C@H]1CN198 HA -0.60
unk nown c h i ra l i ty
O
OH
OH
O
?
OH
OH
O
O
OOH OH
OH OH
O
O
O(C)c1cc(O)c(-c2c3c(C(=O)c4c(ccc([C@@H]5c6c(C(=O)c7c5cccc7O)c(O)cc(C)c6-c5c(O)c(C(=O)C)c(OC)cc5O)c4O)C3=O)c(O)cc2C)c(O)c1C(=O)CN173 HA -0.60
Structure Smiles ID Hit_Status Consensus…
 
 
 
 
Page: 1
Cl
O
O
O
ClC1=C(C)C(=O)C(OC)=CC1=ON430 A 0.87
O
O
OH
OC=1c2c(cccc2)C(=O)C(=O)C=1CC=C(C)CN642 A 0.87
O
OHOH
O
O O(C)c1c(O)c(C(=O)C=Cc2ccccc2)c(O)cc1OCN471 A 0.87
Br
N
HO
N
H
N
ONH
N2H
Brc1cc([nH]c1)C(=O)NCCC=C1N=C(NC1=O)NN528 A 0.87
OO
OH OH
OH
Oc1c(O)cc(cc1O)C(OC)=ON444 A 0.73
O
N
O
O
O
o1c2nc3c(cc(OC)c(OC)c3)c(OC)c2cc1N511 A 0.73
O
O
O O
O1c2c(C=CC1=O)c(OCC=C(C)C)c1c(occ1)c2N487 A 0.73
O
O
OH
OH
O
O1C=C(C(=O)c2c1cc(O)cc2)c1cc(O)c(OC)cc1N355 A 0.73
O
O
OH
OH
OH
O1C=C(C(=O)c2c1cc(O)cc2O)c1ccc(O)cc1N436 A 0.73
Structure Smiles ID Hit_Status Consensus…
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O
O
O
O
O
O O
OH
O1c2c(c(OC)c(OC)c(OC)c2)C(=O)C=C1c1cc(OC)c(O)c(OC)c1N554 A 0.73
N
N
N1=C2N(c3c(C=C2c2c1cccc2)cccc3)CN484 A 0.73
OO
N
N
O(C(=O)C=1c2c(N(C=3C=1N=C1C=3C=CC=C1)C)cccc2)CCN564 A 0.73
O
N
N
O=C1c2c(-c3nccc4c3c1ncc4)cccc2N429 A 0.73
racemate
O
O
NS
&1O
OH
O(C)c1cc2CC3N(CCc4cc(O)c(OC)cc34)Cc2cc1OCN408 A 0.73
O
O
N+O
OH
O(C)c1c2c(ccc1OC)cc-1[n+](CCc3cc(O)c(OC)cc-13)c2N338 A 0.73
O
OO
O
O O(C)c1c2c(cc(OC)c1C(=O)C=CC)cc(OC)cc2OCN590 A 0.60
unknown chirality O
?
?
O?
O
OH
O1OC(CC2C(C)(C)C(=O)C=CC12C)C(=CCO)CN425 A 0.60
unknown chirality
O
?
?
O
OH
? O
?
?
O1OC2CC3(C1(C(CC3)C(C)C)C(O)C=C2C=O)CN566 A 0.60
Structure Smiles ID Hit_Status Consensus…
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O
OH
N
NH
O
O(C)c1cc2[nH]c3c(c2cc1)ccnc3CCC(O)=ON351 A 0.60
N
NH
[nH]1c2c(c3c1cccc3)ccnc2CN387 A 0.60
O
O
O
O1C2=CC(=O)C=C3C=C(OC(C=C1C)=C23)CN633 A 0.60
O
O
O
O
O
O
o1c2c(cc1C(=O)C)C(=O)c1c(c(OC)c(OC)cc1)C2=ON496 A 0.60
O
OH
O
OH
O1c2c(C=CC1(C)C)c(O)c(cc2)C(=O)C=Cc1ccc(O)cc1N539 A 0.60
O OHOH
O
OH
Oc1c2c(cc(c1)C)C(=O)c1c(C2=O)c(O)cc(O)c1N585 A 0.60
unknown chirality
O
O ?
?
?
OH
?
OH
O1C2C(C(=C)C1=O)C(O)C=C(CCC(O)C(C2)=C)CN386 A 0.60
O
O
OHO O1c2c(C(=O)C=C1c1ccccc1)c(O)cc(OC)c2N577 A 0.60
unknown chiralityO
O
?R
abs
R
abs? O
?
O
S
abs
O1[C@@H]2[C@H](C[C@@H]3O[C@@]3(CC[C@H]3O[C@]3(C2)C)C)C(=C)C1=ON3 A 0.60
Structure Smiles ID Hit_Status Consensus…
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racemate
O
O
OH
S
&1
O
NH
O(C)c1c2-c3c4C(NCCc4cc(OC)c3O)Cc2ccc1OCN516 A 0.60
racemate
O
O
S
&1
OH
N
H
O
O(C)c1c2-c3c(CC4NCCc(cc1OC)c24)ccc(OC)c3ON578 A 0.60
rac emate
O
O
R&1
O
O
O
O
O
O
O1CC(Cc2c1c(OC)c(OC)c(OC)c2)C1=CC(=O)C(OC)=C(OC)C1=ON569 A 0.60
O
N
N
O
O(C)c1c2c3c(ncc2)C(=O)c2c(-c3nc1)cccc2N342 A 0.60
unknown chirality
O
O
N+?
?
O-
O
OH
O(C)c1cc2CC3[N+]([O-])(CCc4cc(O)c(OC)cc34)Cc2cc1OCN595 A 0.60
unknown chirality
O
O R
abs
S
abs
S
abs
?
OH
OH
?
?
O
O O1c2c(OC1)cc1[C@H]3[C@@H]4C(CCC4=C[C@H](O)[C@H]3OC(=O)C[C@@H](O)C)Cc1c2N405 A 0.60
unknown chirality
O O
?
?
NH
N
?
?
O
O(C)c1cc2c3c([nH]c2cc1)C1(C2N(CC(C1)CC2CC)CC3)C(OC)=ON647 A 0.60
unknown chiralityO
O
R
abs
?
?
S
abs ?
O
S
abs
OH O1[C@@]23C(CC[C@@]45C[C@@](O)(CC[C@]24C)C(=C)C5=O)[C@](CCC3)(C)C1=ON445 A 0.60
racemate
O
O
N
S
&1OH
O
O1c2c3c(CC4N(CCc5cc(OC)c(O)cc45)C3)ccc2OC1N598 A 0.60
Structure Smiles ID Hit_Status Consensus…
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O
NO
O
O1c2c3-c4c(cccc4)C(=O)c4nccc(c34)cc2OC1N468 A 0.60
O
O
O
OH
O
OH
O1c2c(C(=O)C(OC)=C1c1ccc(O)cc1)c(O)c1C=CC(Oc1c2)(C)CN540 A 0.60
N
NH
N
N
N
N
N2H
[nH]1c2c(c3c(nc2Cn2c4ncnc(N)c4nc2)cccc3)cc1N17 A 0.60
racemate
O
O
R
&1
O
O
o1c2c3c(CCCC3(c3c(cc4c(c3)C(=O)C=CC4=O)C2=O)C)c1N 46 A 0.60
Br
O
Br
NH N
O
NH
BrC1=CC2(C=C(Br)C1=O)C1=C(NCC2)C(=O)c2[nH]cc3CCN=C1c23N437 A 0.60
O
NH
O
NH
NH
OH
Oc1cc2c([nH]cc2C=2NC(=O)C(C=2)=C2c3c(NC2=O)cccc3)cc1N332 A 0.60
OO
O
N
O
O
O1c2c3c(CC(=O)c4c(CCN(C3)C)cc3OCOc3c4)ccc2OC1N489 A 0.60
this enantiomer
S
O
O
NH
O
O
Rabs
O
O
O
S1(=O)(=O)C2=C(NCC1)C(=O)c1c(cc3c(c1)[C@@]1(CCC(=O)c4c1c(oc4)C3=O)C)C2=ON343 A 0.60
this enantiomer
S
O O
N
H
O
O
R
abs
O
O
O
S1(=O)(=O)C2=C(NCC1)C(=O)c1c(cc3c(c1)C(=O)c1occ4c1[C@]3(CCC4=O)C)C2=ON572 A 0.60
Structure Smiles ID Hit_Status Consensus…
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this enantiomer
OH Sabs
S
abs
O[C@@]1(CCC=C(CC[C@H](C=C1)C(C)C)C)CN399 A 0.60
t his enant iom er
O
O
Sa b s
O O
Sa b s
O1O[C@@](C[C@]1(CCCCCCCCCCCCCCCC)C)(CC(OC)=O)CN586 A 0.47
unknown chirality
O
O
O
?
?
O
O1C(=CC(OC)=O)C(=CC1(CC(CC)C=CC(=O)C)CC)CCN401 A 0.47
unknown chirality
OH
?
?
?
?
OH
OC1CCC(O)(C2CC(=CCC12C)C(C)C)CN593 A 0.47
unknown chirality
O?
?OH
?
?
OC12CC(CCC1(C)C(=O)CCC2C)C(C)=CN623 A 0.47
unknown chirality
O
O
?
?
?
OH
NH
O
O(C(=O)C)C1C(NCC1O)Cc1ccc(OC)cc1N626 A 0.47
this enantiomer
OO
R
absS
abs
RabsOHSabsS
abs
O
O
O
O
OH
O1C[C@@]2([C@@H]([C@@H](O)[C@H](C(C(OC)=O)=C)[C@@H](OC(=O)C(CO)=C)C2)C(=C)C1=O)C=CN499 A 0.47
this enantiomer
O
S
abs
Rabs
Rabs
O
OH
S
abs
O
O1O[C@]2(C3=C([C@@H](O)[C@@]1(CC2)C(C)C)[C@@H](CC3=O)C)CN396 A 0.47
unknown chirality
O
O
?
O
?
Rabs
Sabs
?
O
O1CC1C(=CC[C@@H]1[C@@]2(C(CC[C@]13OC3)C(CCC2)(C)C)C)C(OC)=ON649 A 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O
?
?
S
abs OH
O
O
O
O1[C@@H]2C([C@@H](O)CC=C(CCC(=C2)COC(=O)C)C=O)C(=C)C1=ON473 A 0.47
unk nown c h i ra l i ty
O
O?R
absSabsO
O
O
O
OH
O
O1[C@H]2[C@@H]([C@@H](OC(=O)C(CO)=C)CC(=CCCC(=C2)C=O)COC(=O)C)C(=C)C1=ON505 A 0.47
unk nown c h i ra l i ty
O
O
?R
absS
abs
O
O
O
O
OH
O
O1[C@H]2[C@@H]([C@@H](OC(=O)C(CO)=C)CC(=CCCC(=C2)C(=O)C)COC(=O)C)C(=C)C1=ON507 A 0.47
unknown chirality
O
O
?
S
abs
R
abs
R
absS
abs
R
abs
R
abs
O
O
Sabs
OH
OH
O
O
O1[C@@H]2[C@]3([C@@H]([C@@](O)(CC[C@@H]3O)C)[C@@H](OC(=O)C(C)C)[C@@H]([C@@H]2OC(=O)C(=CC)C)C(=C)C1=O)CN594 A 0.47
unknown chirality
O
?
?OH
Oc1cc2c(cc1C(C)C)C(=O)CC1C(CCCC12C)(C)CN374 A 0.47
unknown chirality
O O
?
Sabs
O
R
abs
O
O
SabsO
R
abs
O
OH
O1C2C([C@@H](OC(=O)C(C)=C)C[C@H](C)[C@]3(O[C@](CC3)(C2)C)O)=C(COC(=O)C)C1=ON615 A 0.47
O OH
O
OH
O
O
Oc1cc2c(c(C)c1C(OC)=O)C(=O)c1c(cccc1O)C2=ON583 A 0.47
racemate
O
O
O
S&1OH
O1CC2=C(CC1O)C(=O)c1c(cccc1)C2=ON15 A 0.47
O
O
O
OH
O
OO
O1c2c(Oc3c(c(cc(O)c3C=O)C)C1=O)cc(OC)c(C(=O)C=C(C)C)c2CN520 A 0.47
Structure Smiles ID Hit_Status Consensus…
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O
N
O
OH
O
O O1c2c(OC1)c(O)c1nc3occc3c(OC)c1c2CC=C(C)CN513 A 0.47
rac emate
O
S&1
OH
O
OH
O1c2c(c(O)c(cc2)CC=C(C)C)C(=O)CC1c1ccc(O)cc1N525 A 0.47
unknown chirality
O
OH
?
?
OH
?
?
NHO
?
OH
OH
O(C)C1=C2C3NCCC2(CC(O)C1O)c1c(ccc(OC)c1O)C3ON521 A 0.47
unknown chirality
O
OH
?
?
?
NHO
?
OH
OH
O(C)C1=C2C3(CC(O)C1O)c1c(CC2NCC3)ccc(OC)c1ON620 A 0.47
unknown chirality
O
O
?
?
?
O
?
?O
O
O
OH
O1CC2(C(C3OC(=O)C(C3C(OC(=O)C(CO)=C)C2)=C)C(=C)C1=O)C=CN373 A 0.47
unknown chiralityO O
?
?
?
O ?
O
OH
O O
O1C2=CC(=O)C1(CC(OC(=O)C(C)=C)C1C(OC(=O)C1=C)C=C2CO)CN529 A 0.47
unknown chiralityO O
?
Rabs
R
abs
Sabs
OH
?
O S
abs
O
O O
O1[C@H]2[C@@H]([C@@H](OC(=O)C(C)=C)C[C@]3(OC(=CC3=O)C(C)[C@@H]2O)C)C(=C)C1=ON603 A 0.47
racemate
Br
N
H
NH
O
NH
S
&1 O
N
H
N2H
Brc1c2c([nH]c1)C(=O)NCCC2=C1NC(NC1=O)NN536 A 0.47
unk nown c h i ra l i ty
O ?
N
H
?
?
O
?
?
?
? ?
N
O=C1C2CCC3C4CCC(C(N(C)C)C)C4(CCC3C2(CC=C1NC=O)C)CN5 3 A 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
OO
?
?
?
OH
?
OH?
?
?
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(OC(=O)C)C1O)C(CCC2OC(=O)C)(C)C)=CN568 A 0.47
unknown chirality
O
O
S
absR
abs
Sabs
OH
S
abs
O?
Rabs
Sabs
O O
O
O
o1c2c(cc1)C([C@H]1[C@H](C2)[C@]2(C)[C@@](O)([C@@H](OC(=O)C)[C@@H]1OC(=O)C)C(CC[C@@H]2OC(=O)C)(C)C)=CN537 A 0.47
unknown chirality
O
?
? ?
O
O
? ?O ?
O
OH
O
O
o1c2c(cc1)C(=O)C1C(C2)C2(C)C(O)(C(OC(=O)C)C1OC(=O)C)C(CCC2=O)(C)CN328 A 0.47
unknown chirality
O O
?
?
NH
N
?
?
O(C(=O)C12C3N(CC(C1)CC3CC)CCc1c2[nH]c2c1cccc2)CN381 A 0.47
unknown chirality
OO
?NH
?
?
N
O(C(=O)C=1C2CC3N(CC2=CC)CCC23C=1Nc1c2cccc1)CN490 A 0.47
unknown chirality
OH ?
N?
?
?
? N
OCC1N2C3CC(C1CC3c1n(c3c(c1C2)cccc3)C)=CCN556 A 0.47
unknown chirality
OO
?
?
?
N?OH
? NH
O(C(=O)C1(C2CC3N(C1Cc1c3[nH]c3c1cccc3)CC2=CC)CO)CN478 A 0.47
unknown chirality
O
O??
?
O
N
?
N
O O(CC1(C2CC3N(CC2=CC)CCC12C3=Nc1c2cccc1)C(OC)=O)C(=O)CN463 A 0.47
unknown chirality
O
O
?
?
?
N?
OH
?
O
O1c2c(OC1)cc1c(C34C(N(CC3O)C1)CC(OC)C=C4)c2N466 A 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O R
abs
S
abs
?
OH
?
N
O
O O1c2c(OC1)cc1[C@H]3[C@@H]4N(CCC4=C[C@H](O)[C@H]3OC(=O)CCC)Cc1c2N339 A 0.47
unknown chirality
O
O R
abs
S
abs
S
abs
?
OH
OH
?
N
O
O O1c2c(OC1)cc1[C@H]3[C@@H]4N(CCC4=C[C@H](O)[C@H]3OC(=O)C[C@@H](O)C)Cc1c2N410 A 0.47
unknown chirality
O
O
?
? ?
NOH
?OH
O1c2c(OC1)cc1c(C3C4N(CCC4=CC(O)C3O)C1)c2N449 A 0.47
unknown chirality
O
O
R
absS
abs
?
OH
?
N
O
O
O1c2c(OC1)cc1[C@H]3[C@@H]4N(CCC4=C[C@H](O)[C@H]3OC(=O)C)Cc1c2N515 A 0.47
unknown chirality
O
S
abs
NH
OH
S
abs
?
?
O
OH
O(C)C=1C2C(C=CC=C2O)C(c2c3c([C@@H](N[C@H](C3)C)C)c(OC)cc2O)=C(C=1)CN475 A 0.47
unknown chirality
N ?
?
?
?
?
?
?
?
N
N(C)(C)C1CC2=CCC3C(CCC45C(CCC34)C(N(C5)C)C)C2(CC1)CN341 A 0.47
unknown chirality
N ?
?
?
?
?
?
?
?
N
H N(C)[C@@H]1CC2=CCC3C(CCC45C(CCC34)C(N(C5)C)C)C2(CC1)CN534 A 0.47
racemate
O
O O
S
&1 N
HO
O
O1c2c(OC1)c-1c3c(CCNC3Cc3c-1ccc(OC)c3OC)c2OCN553 A 0.47
unknown chirality
O
NH
?
?
?
N
O
O
O=C1CC2C(C(N(CC2=CC)C)Cc2c1[nH]c1c2cccc1)C(OC)=ON369 A 0.47
Structure Smiles ID Hit_Status Consensus…
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unknown chiralityO
O Rabs
? ?
Sabs
?
O
Sabs
O
O1[C@@]23C(CC[C@@]45C[C@@](OC)(CC[C@]24C)C(=C)C5=O)[C@](CCC3)(C)C1=ON403 A 0.47
unknown chirality
OO
?
O?
?
N
N
O1C=C(C2C(CN3C(C2)=C2N=C4C(=C2C=C3)C=CC=C4)C1C)C(OC)=ON480 A 0.47
unknown chirality
OO
?
O?
?
?
N
NH
O1C=C(C2C(CN3C(C2)c2[nH]c4c(c2CC3)cccc4)C1C)C(OC)=ON479 A 0.47
O
O
N
O
O
O1c2c(OC1)cc1c(c3N(Cc4cc(OC)c(OC)cc4-c3cc1)C)c2N645 A 0.47
racemate
O
&1
OH
OH
OOH
OHO
O
M
O(C)c1cc(O)c(-c2c3c(C(=O)c4c(cccc4O)C3=O)c(O)cc2C)c(O)c1C(=O)CN400 A 0.47
O
NN
NH
O=C1N2C(=Nc3c1cccc3)c1[nH]c3c(c1C=C2)cccc3535 A 0.47
unknown chirality
O
O
?
?
??
?O
?
O
??
O
?OO
O
O1C(C2(C3(OC3C1=O)C1(C(CC2)C2(C(CC1OC(=O)C)C(OC(=O)C=C2)(C)C)C)C)C)c1ccoc1N58 A 0.47
t his enant iom er
O
O
Rabs
O
O
R
abs
O1O[C@@H](C[C@]1(CC(OC)=O)C)CCCCCCCCCCCCCCCCN498 A 0.33
OH
OH
Oc1ccc(O)cc1CC=C(CCC=C(CCC=C(C)C)C)CN371 A 0.33
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O
?
?
?
Sabs
Rabs
O
O
O
O
O
OH
O1[C@H]2C([C@@H](OC(=O)C(CO)=C)C[C@](C=C)(COC(=O)C)C2C(C(=O)C)=C)C(=C)C1=ON506 A 0.33
unknown chirality
O
O
?
R
abs
S
abs
Sabs
Rabs
O
O
O
O
O
OH
O1[C@H]2[C@@H]([C@@H](OC(=O)C(CO)=C)C[C@](C=C)(COC(=O)C)[C@@H]2C(C(=O)C)=C)C(=C)C1=ON500 A 0.33
unknown chirality
O
O
R
abs
S
abs
O
?
O
S
abs
R
abs
R
abs
O1[C@]2([C@@H]3[C@H]([C@@H](C2)CC)[C@H](OO[C@]3(CC)C1=O)CC)CCN531 A 0.33
unknown chirality
N+ C
-
?
? ?
?
?
R
abs
?
N+
C-
[N+](C12[C@@H]3C([C@H](CC(C3CCC1C)C)CC([N+]#[C-])(C)C)C(CC2)=C)#[C-]N335 A 0.33
unknown chirality
OH
?
?
Oc1cc2c(cc1C(C)C)CCC1C(CCCC12C)(C)CN533 A 0.33
unknown chirality
OH
Rabs
?
Oc1cc2c(cc1C(C)C)CC[C@@H]1[C@@]2(CCCC1(C)C)CN541 A 0.33
this enantiomer
OH
OH
R
abs
S
abs
Oc1c(c2c(cc1O)[C@@]1([C@@H](CC2)C(CCC1)(C)C)C)C(C)CN476 A 0.33
racemate O
O
S&1
O
O1C=2C=C(OC3=CC(=O)C=C(CC1C)C=23)CN464 A 0.3
unknown chirality
O
O ?
?
?
OH
?
OH
O1C2C(C(=C)C1=O)C(O)C=C(CCC(O)C(=C2)C)CN385 A 0.33
Structure Smiles ID Hit_Status Consensus…
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rac emate
O
S&1
OH
OH
OH
O
O(C)c1cc2c(c(O)c1CC=C(C)C)c(O)c1c(CC(O)(CC1=O)C)c2N394 A 0.33
O
OH
OH
O
O(CC=C(C)C)c1cc(O)c2c(c1)Cc1c(C2=O)c(O)cc(c1)CN435 A 0.33
unknown chirality
O
O
?
Sabs
O
R
abs
O
OR
abs
O
R
abs
O
OH
OH
O1C2C([C@@H](OC(=O)C(CO)=C)C[C@@H](C)[C@]3(O[C@](CC3)(C2)C)O)=C(COC(=O)C)C1=ON557 A 0.33
unknown chirality
O
O
?
Sabs
O
R
abs
O
OR
abs
O
R
abs
O
OH O1C2C([C@@H](OC(=O)C(=CC)C)C[C@@H](C)[C@]3(O[C@](CC3)(C2)C)O)=C(COC(=O)C)C1=ON571 A 0.33
O
O
OO
O1c2c(C=CC1(C)C)c(OC)c1c(OC(=O)C=C1)c2C(C=C)(C)CN398 A 0.33
this enantiomer
O O
Sabs
O
S
abs
O
O
SabsO
O
O
O1C=2C([C@@H](OC(=O)C(C)=C)C[C@@H](C=3O[C@](C=2)(C)C(=O)C=3)C)=C(COC(=O)C)C1=ON607 A 0.33
O
O
O=C1c2c(c(c3c(c2)C(CCC3)(C)C)C)C(=O)C=C1C(C)CN631 A 0.33
unknown chirality
O
OH
?
? ?
O
?
O OH
OC1=C(C(C)C)C(=O)C2=C(C1=O)C1(C(C(O)C2C=O)C(CCC1)(C)C)CN625 A 0.33
unknown chirality
ON
H
R
abs?
?
Rabs
Rabs
S
abs
?
S
abs
Rabs
R
abs
N O=CN[C@@]1([C@@H]2[C@H]3[C@H](CC1)[C@H](C[C@@H]1[C@@H]3[C@H](CC2)[C@@](C#N)(C)[C@@H](C1)C)C)CN383 A 0.33
Structure Smiles ID Hit_Status Consensus…
 
 
 
 
Page: 14
unknown chirality
N
?
??
?
?
??
?
?
N
N(C)(C)C1CC2CCC3C4CCC(C(N(C)C)C)C4(CCC3C2(CC1)C)CN472 A 0.33
unknown chirality
O
O
?
?
??
OH
O
O
O
o1c2c(cc1)c(c1c(c2)C2(C)C(O)(CC1)C(C)(C)C(OC(=O)C)CC2OC(=O)C)CN584 A 0.33
unknown chirality
O
R
abs
S
abs
?
S
abs
R
abs
S
abs
OH
OH
o1c2c(cc1)[C@@H](C1[C@H](C2)[C@]2(CCCC(C)(C)[C@]2(O)C[C@@H]1O)C)CN450 A 0.33
unknown chiralityO
?
S
abs
?
ORabs
O O1[C@@H]2[C@@H]3[C@@](CC[C@H]2C(=C)C1=O)(C=CC(=O)C3=C)CN432 A 0.33
unknown chiralityO O
?
?
?
?
OH
O ?
O
O O
O1C2=CC(=O)C1(CC(OC(=O)C(C)=C)C1C(OC(=O)C1=C)C(O)C2=C)CN602 A 0.33
unknown chirality
O
?
Sabs OSabsR
abs
Sabs
OH
OSabsS
abs
O
O
OO
O
o1c2c(cc1)C(=O)[C@H]1[C@H](C2)[C@]2(C)[C@@](O)(CC1)C(C)(C)[C@H](OC(=O)C)[C@H](OC(=O)C)[C@@H]2OC(=O)CN438 A 0.33
unknown chirality
O?
?
?
OH
?
?
OH
?
?
O
O
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(O)C1OC(=O)C)C(CCC2=O)(C)C)C(OC)=ON407 A 0.33
racemate
O
S
&1 OH
OH
O
O1c2c3C(CC1(C)C)c1c(CCc3cc(O)c2C)c(O)c(OC)cc1N485 A 0.33
rac emate
O
O
R
&1N
H
O
O
O
O(C)c1cc(ccc1OC)C(OC(=O)C=Cc1ccccc1)CNC(=O)C=Cc1ccccc1N446 A 0.33
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O
Rabs
?
S
absO
Sabs
O
O
O
?
?
OH
O1CC=2CC[C@H]3O[C@@]3(C[C@H](OC(=O)C(C)=C)[C@@H]3[C@H](OC(=O)C3=C)C=2)C1ON546 A 0.33
unknown chirality
O
?
?
?
OH
?
?
O
?
O
O
O
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(OC(=O)C)C1OC(=O)C)C(CCC2=O)(C)C)=CC(OC)=ON327 A 0.33
unknown chirality
O?
?
?
OH
?
?
O
?O
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(OC(=O)C)C1OC(=O)C)C(CCC2=O)(C)C)=CN492 A 0.33
unknown chirality
O
?
R
abs
S
absO
O
S
abs
R
abs
O
OH
O
O o1c2c(cc1)C(=O)C1[C@H](C2)[C@]2(C)[C@@](O)(C[C@@H]1OC(=O)C)C(CCC2=COC(=O)C)(C)CN518 A 0.33
racemate
O
S
&1
OH
OH
OO
O1c2c(C=CC1(C)C)c(OC)cc1c2c(O)c2c(CC(O)(CC2=O)C)c1N409 A 0.33
unknown chirality
O
O
OH
?
?
O
NH
O(C)c1c2c(CC(NC2C)C)c(-c2c3c(c(OC)cc2C)c(OC)ccc3)c(O)c1N646 A 0.33
unknown chirality
O
Sabs
OH
N
H
Sabs
O
O O(C)c1c2c(cc(O)c1-c1c3c(c(OC)cc1C)c(OC)ccc3)C[C@@H](N[C@@H]2C)CN640 A 0.33
unknown chirality
O
O
? ?
N
H
O
OH
O(C)c1cc(OC)c2c(CC(NC2C)C)c1-c1c2c(c(OC)cc(c2)C)c(O)cc1N356 A 0.33
unknown chirality
O
?
N
OH
?O
OH
O(C)c1c2c(CC(N(C)C2C)C)c(-c2c3c(c(O)cc(c3)C)c(OC)cc2)c(O)c1N368 A 0.33
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
?
??
?
??
OH? OO
O?
O
OH
?
O O1C2C(C=3C1CC(C=3C)c1ccoc1)(C)C(CC(O)=O)C1(C(C(C=CC1=O)(C(OC)=O)C)C2O)CN404 A 0.33
unknown chirality
O
?
? ?
?
? ?
? O
O
? O
O
O
?O
O1C2C3C(C)(C(CC(OC)=O)C4(C=5C(OC24)CC(C=5C)c2ccoc2)C)C(=O)C=CC3(C)C1=ON565 A 0.33
racemate
O
O OH
R
&1
O
OH
O
OH
O1c2c3C(CC4=C(Oc5c(C4=O)c(O)cc4OC(C=Cc45)(C)C)c3c(O)cc2O)C1(C)CN562 A 0.33
unknown chirality
O
?
?
?
?
?
OH
?
O
?
?
?
O
O
O
O1C(C2(C3(OC3C1=O)C1(C(CC2)C2(C(CC1O)C(C)(C)C(=O)C=C2)C)C)C)c1ccoc1N519 A 0.33
unknown chirality
OH Sabs
S
abs
?
OH
O[C@@H]1CC[C@](O)(C=C[C@@H](CCC1=C)C(C)C)CN411 A 0.33
rac emate
O
OH
OH
S
&1
OH
OH
Oc1cc(O)c(cc1C(=O)C=Cc1cc(CC=C(C)C)c(O)cc1)CC(O)C(C)=CN456 A 0.20
unknown chirality
N
R
abs
?
?
S
abs
S
abs
S
abs
S
abs
N#C[C@@]1([C@@H]2[C@@H]3[C@H]([C@@H](C[C@@H]([C@H]3CC1)C)CC(C)=C)C(CC2)=C)CN329 A 0.20
unk nown c h i ra l i ty
O
O
?
S
absSabs
O
O
?
O O
O1[C@@H]2[C@@H]([C@@H](CC(=CCCC(=C2)COC(=O)C)C=O)CC(=O)C(CC)C)C(=C)C1=ON491 A 0.20
OOH
O
O
OH OH
O1c2c(c(CC=C(C)C)c(OC)c(O)c2)C(=O)c2c1cc(O)c(CC=C(C)C)c2ON589 A 0.20
Structure Smiles ID Hit_Status Consensus…
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O
OH
OH
OH
OH
OC1=C(CC=C(C)C)C(=O)c2c(cc3c(c2O)c(O)cc(C)c3O)C1(CC=C(C)C)CC=C(C)CN428 A 0.20
O
O
OHO
O1c2c(C=C(C(C=C)(C)C)C1=O)c(O)c1c(OC(C=C1)(C)C)c2C(C=C)(C)CN365 A 0.20
racemate
O
O OH
OHS&1
O
OH
O1c2c(C(=O)C=C1c1ccc(O)cc1OC)c(O)cc(O)c2CC(C(C)=C)CC=C(C)CN452 A 0.20
racemate
O
O O
OHS&1
O
OH
O1c2c(C(=O)C=C1c1ccc(O)cc1OC)c(OC)cc(O)c2CC(C(C)=C)CC=C(C)CN470 A 0.20
racemate
O
O OH
OHS&1
OH
OH
O1c2c(C(=O)C=C1c1ccc(O)cc1O)c(O)cc(O)c2CC(C(C)=C)CC=C(C)CN483 A 0.20
racemate
OS
&1
O OH
OH
O
OO
O1c2c(C(=O)CC1c1c(OC)cc(OC)cc1OC)c(O)cc(O)c2CC=C(C)CN363 A 0.20
rac emate
O
S&1O
OH
OH
OH
O1c2c(c(O)c(CC=C(C)C)c(O)c2CC=C(C)C)C(=O)CC1c1ccc(O)cc1N573 A 0.20
r acem at e
Br
O
O
Br
R&1
ON
O
N
H
O
Br
Br
NH
BrC1=COC2(ON=C(C2)C(=O)NCCCOc2c(Br)cc(cc2Br)CCNC)CC(Br)=C1OCN377 A 0.20
unk nown c h i ra l i ty
OH
Rabs
R
abs S
abs
Rabs
R
abs
?
OH
S
abs
S
abs
?
OH
?
OH
O[C@H]1CC[C@@H]2C(=C[C@H](O)[C@H]3[C@@]4(CC[C@H]([C@@H](CC=CC(O)(C)C)C)[C@@]4(C)[C@H](O)C[C@@]23C)C)C1(C)CN579 A 0.20
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O ?
?
? ?
?
?
O
?
O
OH
O
O
O1C2C(CC(O)C(OC(=O)C(=CC)C)(C34OOC(C23)(C=C4)C)C)C(=C)C1=ON486 A 0.20
unknown chirality
O
S
abs
OH
?
Sabs
?
R
abs
O
R
abs
Rabs
RabsR
abs
OHOH
O
OH
O=C1[C@@H](O)C[C@@H]2C(=CC[C@@H]3[C@@]2(C)C(=O)C[C@]2(C)[C@@H]([C@@](O)(C(=O)C=CC(O)(C)C)C)[C@H](O)C[C@]23C)C1(C)CN580 A 0.20
unknown chirality
OO
S
abs
R
abs
R
abs
S
abs
OH
?
O
O
o1c2c(cc1)C(C1[C@H](C2)[C@]2(C)[C@@](O)(CC1)C(C[C@H](CC(=O)C)C2=COC(=O)C)(C)C)=CN417 A 0.20
unknown chirality
O
O
S
abs
RabsO ? ? N
O
O
O
O1c2c(OC1)cc1[C@H]3[C@@H]4N(CCC4=C[C@H](OC(=O)CCC)[C@H]3OC(=O)CCC)Cc1c2N402 A 0.20
O
O
OH
N
O(C)c1c2c(cc(c1)C)c(ccc2OC)-c1ccc2c(c1O)c(nc(c2)C)CN361 A 0.20
unknown chirality
O
N
OH
Sabs
O
O
O(C)c1c2c(C[C@@H](N=C2C)C)c(-c2c3c(c(OC)cc(c3)C)c(OC)cc2)c(O)c1N604 A 0.20
unknown chirality
O
O
? N
O
O
O(C)c1cc(OC)c2c(CC(N=C2C)C)c1-c1c2c(c(OC)cc1C)c(OC)ccc2N638 A 0.20
unknown chirality
O
Sabs
O
N
Sabs
O
O
O(C)c1c2c(cc(OC)c1-c1c3c(c(OC)cc(c3)C)c(OC)cc1)C[C@@H](N(C)[C@@H]2C)CN442 A 0.20
unknown chirality
O
O
?Sabs N
O
O
O(C)c1cc(OC)c2c(C[C@@H](N(C)C2C)C)c1-c1c2c(c(OC)cc(c2)C)c(OC)cc1N605 A 0.20
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
O
O
SabsSabs N
O
O
O(C)c1cc(OC)c2c(C[C@@H](N(C)[C@@H]2C)C)c1-c1c2c(c(OC)cc1)c(OC)ccc2N616 A 0.20
rac emate
O
OH
S&1
O1c2c(-c3c(ccc(c3)C)C1(C)C)c(O)c(C(CC1(CCC(=CC1)C)C(C)C)=C)c(c2)CCCCCN648 A 0.20
unknown chirality
O
OS
abs
S
abs
OH
N
H
O
Sabs
OH
?
O
Rabs
Sabs
N
H
OH
Sabs
NH
O
O1[C@@H](Cc2c(C1=O)c(O)ccc2)[C@@H](NC(=O)[C@@H](O)[C@H]1O[C@@](O)(C)[C@]2(NC(=O)C[C@@H]1N2)C)CC(C)CN460 A 0.20
unknown chirality
OO
?
?
?
?
O
N? N
OH
O1CC2(C3CC4N(CC3=CC)CCC23C14N(c1c3cc(O)cc1)C)C(OC)=ON467 A 0.20
unknown chirality
O
O
?
?
OH
?
?
? ?
?
O
?
?
?
O
O
OH OH
OH
O
O1CC23C4C1(C(OC)=O)C(O)C(O)C2C1(C(CC3OC(=O)C4O)C(C)=C(O)C(=O)C1)CN337 A 0.20
unknown chirality
O
O
?
?
OH
?
?
OH
?
?
?
?? O
OH
?OH
OH
?OH
O1CC23C4C5(C(CC2OC(=O)C(O)C3(O)C(=C)C(O)C14O)C(=CC(O)C5O)C)CN439 A 0.20
unk nown c h i ra l i ty
O
OH
??
?
?
?
?
?
?
OH
OC1CCC2(C(CCC3=C2CCC2(C4CC(CCC4(CCC23C)C)(C(O)=O)C)C)C1(C)C)CN443 A 0.20
unk nown c h i ra l i ty
O
OH
S
abs
?
Rabs
Rabs
R
abs
Rabs
R
abs
?
OH
O[C@H]1CC[C@]2([C@@H](CCC3=C2CC[C@]2([C@@H]4C[C@](CC[C@@]4(CC[C@@]23C)C)(C(O)=O)C)C)C1(C)C)CN601 A 0.20
unknown chirality
O
O OH
OH
OH
O
S
absS
abs
O
?
O1[C@H]2CC[C@]1(C)[C@@H](Cc1c3Oc4c(C(=O)c3c(O)cc1OC)c(O)ccc4O)C2(C)CN50 A 0.20
Structure Smiles ID Hit_Status Consensus…
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unk nown c h i ra l i ty
OO
OH OH
O
?
OH
OH
S
abs
OH
OH
OH
O1c2c(CC(O)[C@H]1c1cc(O)c(O)cc1)c(OC(=O)c1cc(O)c(O)c(O)c1)cc(O)c2N352 A 0.20
unknown chirality
O
?
?
??
?O
?
O
??
O
?
O
O
O1C23C1C(=O)C(C2(CCC1C3(C)C(OC(=O)C)CC2C(C)(C)C(=O)C=CC12C)C)c1ccoc1N413 A 0.20
unknown chirality
O
?
?
??
?O
?
O
??
O
?OO
O
O1C(C2(C3(OC3C1=O)C1(C(CC2)C2(C(CC1OC(=O)C)C(C)(C)C(=O)C=C2)C)C)C)c1ccoc1N 82 A 0.20
unknown chirality
O
?
?
?
?
O
?
O
?
?
?
O
O
O
O1C(C2(C3(OC3C1=O)C1(C(CC2)C2(C(CC1=O)C(C)(C)C(=O)C=C2)C)C)C)c1ccoc1N59 A 0.20
unknown chirality
Cl-
OH
?
?
?
?
?
?
N+ ?OH
[Cl-].OC1C23C(C45C(CC2)C(CCC4)(C[N+](=C5)CCO)C)CC(CC3)C1=CN551 A 0.20
unk nown c h i ra l i ty
OO
?
?
N
?O
O
O
?
?
?
?
O
OH
O(C(=O)C1N(CCC1)C(=O)C(CC(CCCC)C)C)C(C(CC)C)C(OC(C(CC)C)C(O)=O)=ON440 A 0.07
unknown chir alit y
O
Sa b s
O H
Sa b s
?
O H
O H
O=C1C=C[C@@H](O)C[C@]1(O)CC(O)CCCCCCCC=CCCCCCCN634 A 0.07
O
N
H
O
O
O1c2cc(ccc2OC1)C=CCCCCCCC=CC=CC(=O)NCC(C)CN561 A 0.07
unknown chir alit y
O
?
?
O H
Ra b s
OH Sa b s
O H
O1C2(O)C=C[C@@H](O)C[C@]2(O)CC1CCCCCCCC=CCCCCCCN635 A 0.07
Structure Smiles ID Hit_Status Consensus…
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unknown chirality
N
?
?
R
abs
R
absS
abs
S
abs
N#C[C@]12[C@H]3[C@H](CC[C@@H]1C)[C@H](CC(=C3[C@H](CC2)C)C=C(C)C)CN330 A 0.07
unknown chirality
O
O
?
S
absS
abs
S
absO OHO
?
O
O1[C@@H]2[C@@H]([C@H](CC(=O)C(CC)C)[C@H](OC(=O)C)C(=CCCC(=C2)CO)C=C)C(=C)C1=ON461 A 0.07
O
O
OH
OH
OH OH
O1c2c(c(O)c(CC=C(C)C)c(O)c2C(C=C)(C)C)C(=O)c2c1c(O)c(O)cc2N344 A 0.07
O
O
OH
OH
O
OH O
O1c2c(c(O)c(CC=C(C)C)c(O)c2CC=C(C)C)C(=O)c2c1c(O)c(OC)c(OC)c2N362 A 0.07
O
O OH
OH
OH
O1c2c(C(=O)c3cc(O)ccc13)c(O)cc(O)c2CC=C(CCC=C(C)C)CN 60 A 0.07
O
O
OH
OH
OH
OH
O1c2c(c(CC=C(C)C)c(CC=C(CCC=C(C)C)C)c(O)c2O)C(=O)c2c1cc(O)cc2ON448 A 0.07
O
O OH
OH
OH
OH
O1c2c(C(=O)c3c1c(O)ccc3O)c(O)cc(O)c2CC=C(CCC=C(C)C)CN508 A 0.07
OOH
O
OH
OH
OH
O1c2c(C(=O)c3c1cc(O)c(CC=C(CCC=C(C)C)C)c3O)c(O)ccc2ON504 A 0.07
O
OH O
O
OH
OH
OH
O1c2c(c(CC=C(CCC=C(C)C)C)c(OC)c(O)c2)C(=O)c2c1cc(O)c(CC=C(CO)C)c2ON524 A 0.07
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OOH
O
O
OH OH
O1c2c(c(O)c(CC=C(CCC=C(C)C)C)c(O)c2)C(=O)c2cc(OC)c(O)cc12N555 A 0.07
O OH
OH
OH
OC1=CC(=O)C(c2c1c(O)c1c(c2)c(CC=C(C)C)c(cc1O)C)(CC=C(C)C)CC=C(C)CN488 A 0.07
rac emate
O
OHS&1
OH
OH
OC1=CC(=O)c2c(cc3c(c(O)c(CC=C(C)C)c(C)c3CC=C(C)C)c2O)C1CC=C(C)CN559 A 0.07
rac emate
O
S
&1
OH
OH
OH
O
O(C)c1cc2c(c(O)c1CC=C(CCC=C(C)C)C)c(O)c1c(CC(O)(CC1=O)C)c2N420 A 0.07
O
OH
OH
O
O(C(=CCCC(=CCC)C)C)c1cc(O)c2c(c1)Cc1c(C2=O)c(O)cc(c1)CN416 A 0.07
O
OH
OH
OH Oc1c2c(Cc3c(C2=O)c(O)cc(O)c3CC=C(C)C)c(CC=C(C)C)c(C)c1CC=C(C)CN563 A 0.07
O
OH N
OH
OH
Oc1c2c(N(c3c(c(ccc3O)CCC=C(C)C)C2=O)C)cc(O)c1CCC=C(C)CN481 A 0.07
OOH
O
O
OH OH
O1C2=C(C(CC=C(C)C)(CC=C(C)C)C(=O)C(O)=C2)C(=O)c2c1cc(O)c(CC=C(C)C)c2ON359 A 0.07
unknown chirality
O?
O OH
OH?
O
OH
O1c2c(C(=O)CC1c1ccc(O)cc1OC)c(O)cc(O)c2CC(C(C)=C)CC=C(C)CN451 A 0.07
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unknown chirality
O?
O O
OH?
O
OH
O1c2c(C(=O)CC1c1ccc(O)cc1OC)c(OC)cc(O)c2CC(C(C)=C)CC=C(C)CN469 A 0.07
unknown chirality
O?
O OH
OH?
OH
OH
O1c2c(C(=O)CC1c1ccc(O)cc1O)c(O)cc(O)c2CC(C(C)=C)CC=C(C)CN482 A 0.07
unk nown c h i ra l i ty
O
N
H
?
?
O ?
?
O
?
?
?
?
? ?
NH
O(C(=O)C)C1C2CCC3C4CCC(C(NC)C)C4(CCC3C2(CCC1NC(=O)C(=CC)C)C)CN538 A 0.07
th is  enantiomer
OOH
O
OH
O
R
abs
OH
O1c2c(c3Oc4c(ccc(O)c4O)C(=O)c3c(O)c2CC=C(C)C)C(C)(C)[C@@H]1CN372 A 0.07
unknown chirality
OH
?
OH
S
abs
Sabs
OH
Oc1cc(cc(O)c1[C@H]1C[C@H](CC[C@@H]1C(C)C)C)C=Cc1ccccc1ON424 A 0.07
unk nown c h i ra l i ty
OO?
O
?
OHOH
?
OH?
OH
O
?
OH
OH
O
O
O
O1C(COC(=O)c2cc(O)c(O)c(O)c2)C(O)C(O)C(O)C1Oc1cc(OC)c(OC)c(OC)c1N523 A 0.07
unk nown c h i ra l i ty
O
?
OH
??
??
O
?
?
?
?
OH
OH
O
OO
OC1CC2(C3CC=C4C(CC(O)C(=O)C4(C)C)C3(C)C(=O)CC2(C)C1C(O)(C(=O)C=CC(OC(=O)C)(C)C)C)CN406 A 0.07
unknown chirality
O
? ?
? OH
O
?
?
?O
?
?
O1C2(C3CC=C(C4C(CC3(CC2)C)C(O)(CC4=O)C)C=O)C(CC1C=C(C)C)CN367 A 0.07
O
O OH
OH
O
OH O1c2c(C=CC1(C)C)c(O)c1c(Oc3c(ccc(O)c3O)C1=O)c2C(C=C)(C)CN353 A 0.07
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rac emate
O
OH
OOH
OH
O
S
&1
O1c2c(C=CC1(CCC=C(C)C)C)c(O)c1c(Oc3c(C1=O)c(O)ccc3O)c2N509 A 0.07
O
O
OH
OH O
O
O O1c2c(C=CC1(C)C)c(O)c1c(Oc3c(cc(OC)c(OC)c3O)C1=O)c2CC=C(C)CN547 A 0.07
O
O
OH
OH
O
O O
O1c2c(C=CC1(C)C)c1Oc3c(cc(OC)c(OC)c3O)C(=O)c1c(O)c2CC=C(C)CN575 A 0.07
unknown chirality
O
S
abs?
R
abs
?S
abs
S
abs
S
abs
S
absR
abs
OHOH OC1(O)CC[C@]2([C@@H](CC[C@@]3([C@@H]2CC[C@@H]2[C@@H]4[C@@](CC[C@]23C)(CC[C@H]4C(C=O)=C)C)C)C1(C)C)CN550 A 0.07
unknown chirality
O
ORabs
?
O
S
abs ?S
abs
Sabs
Sabs
O
O
Sabs
R
absR
abs
O
O
OH
R
absOHOH
O
O1[C@H]2[C@]34[C@@H]([C@@H](OC(=O)CC(C)C)C1=O)[C@@](OC3)(C(OC)=O)[C@@H](O)[C@H](O)[C@@H]4[C@@]1([C@@H](C2)C(=CC(=O)[C@H]1O)C)CN 54 A 0.07
unk nown c h i ra l i ty
O
O
?
R
abs
S
abs
O
O
S
abs OH
OH
S
absOH
OH
O
OH
O
OH
OH
O1[C@@H]2[C@H](O[C@@H](CO)[C@H](O)[C@H]2OC(=O)c2cc(OC)c(O)c(O)c2)c2c(cc(O)c(O)c2O)C1=ON358 A 0.07
O
O
OHO
OH
OH
OH O1c2c(C(=O)C(CC=C(C)C)=C1c1cc(O)c(O)cc1O)c(O)c1c(OC(C=C1)(C)C)c2CC=C(C)CN340 A 0.07
O
O
OH O
OH
OH O1c2c(C(=O)C(CC=C(C)C)=C1c1ccc(O)cc1O)c(O)cc1OC(C=Cc12)(C)CN617 A 0.07
unknown chirality
O
OH
Rabs
?
Rabs
R
abs
OH
R
abs
Sabs
S
abs
Sabs
R
abs
Rabs
?OH
OH
O[C@H]1[C@H](O)C[C@]2([C@@H](CC[C@@]3([C@@H]2CC=C2[C@@H]4[C@@](O)(C)[C@@H](CC[C@@]4(CC[C@]23C)C(O)=O)C)C)C1(C)C)CN431 A 0.07
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unknown chirality O
R
absS
abs
S
abs
S
abs
S
abs?
?
R
abs
SabsO
O=C1CC[C@]2([C@@H](CC[C@@]3([C@@H]2CC[C@@H]2[C@@H]4[C@@](CC[C@]23C)(CC[C@H]4C(C=O)=C)C)C)C1(C)C)CN548 A 0.07
unk nown c h i ra l i ty
O
O
OH OH
OH
?
OH
O ?
OH
OHOH
O1c2c(CC(O)C1c1cc(OC(=O)c3cc(O)c(O)c(O)c3)c(O)cc1)c(O)cc(O)c2N333 A 0.07
unknown chirality
O
?
OH
O
OH
O
?
OH
O
?
OH
S
abs
OHRabsS
abs
OH
OH
O1[C@@H](C)[C@@H](O)[C@@H](O)C(O)C1Oc1cc2OC(CC(=O)c2c(O)c1O)c1cc(O)c(O)cc1N454 A 0.07
unknown chirality
O
? ?
? O
??
?O
O
?
O
?
?
O
? OH
O1CC(CC1O)C1CC=C2C1(CCC1C3(C(CC(OC(=O)C)C12C)C(C)(C)C(=O)CC3OC(=O)C)C)CN20 A 0.07
rac emate
O
OOH
R&1
O
OH
O
OH
O1c2c3C(CC4=C(Oc5c(c(O)c(c6OC(C=Cc56)(C)C)CCC=C(C)C)C4=O)c3c(O)cc2O)C1(C)CN628 A 0.07
unk nown c h i ra l i ty
O
OH
O OH
OH
O?
O
?OH
O
OH O1c2cc(ccc2OC(CO)C1c1cc(OC)c(O)cc1)C=1Oc2c(C(=O)C=1O)c(O)cc(O)c2N419 A 0.07
unknown chirality
S
N
?
NH
?
O
N
H
O
?
N
O
O
N
?
?
?
NH
O
s1c2nc(c1)C(=O)NC(C=1OC(C(N=1)C(=O)NC(c1occ(n1)C(=O)NC2C(CC)C)C(C)C)C)CN465 A 0.07
unk nown c h i ra l i ty
O O
?
RabsO
S
abs
O
? O
O1O[C@@H](C(C(OC)=O)C)[C@H](CC1(OC)CCCC=CC(=CCC)C)CN345 A -0.07
unknown chirality
OO
? O
?
O
?
?
O1OC(CC(CC)C1CC(OC)=O)(CCCC(CC)C=CCC)CCN370 A -0.07
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unk nown c h i ra l i tyO
?
?
?
OH
OH
OC1(CCC(=C(C=O)C)C(CCCO)C1(CCC=C(CCC=C(CCC=C(C)C)C)C)C)CN576 A -0.07
O
O
OH
OH
OH
OH
O1c2c(cc(CCC=C(C)C)c(O)c2CCC=C(C)C)C(=O)C(CCC=C(C)C)=C1c1cc(O)c(O)cc1ON348 A -0.07
unk nown c h i ra l i ty
O Sabs
?
OH
Sabs
O1c2c([C@@H]3[C@H](CC[C@@H](C3)C)C1(C)C)c(O)cc(c2)C=Cc1ccccc1N422 A -0.07
unk nown c h i ra l i ty
O
OH
???
OH
OH
OC1=C2C(C=C(C(C)C)C1=O)=CC=C1C(CC(CC12C)CC(C)c1cc(O)c(O)cc1)(C)CN630 A -0.07
unknown chirality
O
?
?
??
?O
?
O
?
O
o1cc(cc1)C1CC=C2C1(CCC1C2(C)C(OC(=O)C)CC2C(C)(C)C(=O)C=CC12C)CN19 A -0.07
unknown chirality
O
?
S
abs
S
abs
?
O
?
S
absO
O
S
abs
O
?
O
o1cc(cc1)C1CC=C2[C@@]1(CCC1[C@@]2(C)C(OC(=O)C)[C@@H](OC(=O)C)C2[C@@]1(C=CC(=O)C2(C)C)C)CN596 A -0.07
unk nown c h i ra l i ty
O
Rabs
R
abs
Rabs
R
abs
?
R
abs
Sabs
OOH
O=C1CC[C@]2([C@@H](CCC3=C2CC[C@]2([C@@H]4C[C@](CC[C@@]4(CC[C@@]23C)C)(C(O)=O)C)C)C1(C)C)CN558 A -0.07
unknown chir alit y
O
Sabs
?
?
?
S
abs
OH
?
OH
OH
OHS
abs
?
??
Sabs
?
?
R
abs
O1[C@H](C(O)C(O)[C@H](O)C1CO)C1CC2=CCC3C4CCC(C(CC[C@H](C(C)C)CC)C)[C@]4(CCC3[C@]2(CC1)C)CN526 A -0.07
unknown chir alit yO OH
R
abs
OH
S
abs O
?
O
?
R
abs
O
S
abs
S
abs
S
abs
OH
OH
O
O
?
?
R
abs
O Rabs
ORabs
R
abs
? OH
?
OH
S
abs
OH
OH
ORabs
S
absOH
?
OH
R
abs
OH
S
absOH
OH O1C(C)[C@@H](O)[C@@H](O)[C@@H](O)C1OC1[C@H](O)[C@@H](O)[C@H](O[C@@H]1O[C@@H]1[C@@H](O)[C@H](O)[C@H](OC1O[C@H](CCCCCCCC[C@@H](O)CC(O)=O)CCCC)CO[C@H]1OC(C)[C@@H](O)[C@H](O)[C@@H]1O)CON592 A -0.07
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unknown chirality
O ?
?
?
?
?
?
?
?
O
?
OH
O
?
O
O O1C2C3C(C4CC(OC(=O)C(C)=C)C5(C(=CCC5c5ccoc5)C4(C)C2O)C)(C)C(=O)C=CC3(C1)CN641 A -0.07
rac emate
O
O OH
R
&1
O
OH
O
OH
O1c2c3C(CC4=C(Oc5c(C4=O)c(O)c4c(OC(C=C4)(C)C)c5CC=C(CCC=C(C)C)C)c3c(O)cc2O)C1(C)CN364 A -0.07
rac emate
O
O
OH
R
&1
O
OH
O
OH
O1c2c3C(CC4=C(Oc5c(c(O)c(c6OC(C=Cc56)(C)C)CC=C(C)C)C4=O)c3c(O)cc2O)C1(C)CN639 A -0.07
unknown chirality
O O
?
?
?
O O
O
O
?
O
O
N
?
?
N
O
O
O1C23N(c4cc(OC)c(OC)cc4C24CC1N1CC(C(CC13)C4(C(OC)=O)COC(=O)c1cc(OC)c(OC)c(OC)c1)=CC)CN380 A -0.07
th is  enantiomer
O
OH
O O
R
abs
O Rabs
R
abs
O
S
abs
S
abs OH
OH
O
O
O
OH
O
O1[C@H](COC(=O)CC2(O)C=CC(=O)C=C2)[C@@H](O)[C@H](O)[C@@H](OC(=O)Cc2ccccc2)[C@@H]1OC(=O)CC1(O)C=CC(=O)C=C1N331 A -0.07
unk nown c h i ra l i ty
O
O
? N
?
N OH
O
OH
O
O(c1cc(cc(C)c1OC)C[C@@H]1N(CCc2cc(OC)c(O)cc12)C)c1ccc(cc1)C[C@H]1N(CCc2cc(OC)c(O)cc12)CN357 A -0.07
t his enant iom er
O
OH
O O
R
abs
O Rabs
R
abs
O
S
abs
R
abs O
OH
O
O
O
OOHO
O1[C@H](COC(=O)CC2(O)C=CC(=O)C=C2)[C@@H](O)[C@H](OC(=O)Cc2ccccc2)[C@@H](OC(=O)Cc2ccccc2)[C@@H]1OC(=O)CC1(O)C=CC(=O)C=C1N384 A -0.07
unknown chirality
O
O
?
O
O
N
?
N
O
OH
O1c2c3C(N(CCc3cc(OC)c2OC)C)Cc2cc(-c3cc(CC4N(CCc5cc(OC)c1cc45)C)ccc3O)c(OC)cc2N350 A -0.07
unknown chirality
O
O?
O
N
?
N
O
O
O O1c2c3C(N(CCc3cc(OC)c2OC)C)Cc2ccc(Oc3c4C(N(CCc4cc(OC)c3OC)C)Cc3ccc1cc3)cc2N391 A -0.07
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unk nown c h i ra l i ty
O
O
O
O
?
O ?
N
N
O
OH
O1c2c3CCN(C(Cc4ccc(Oc5cc(C[C@@H]6N(CCc7c6cc1c(OC)c7OC)C)ccc5O)cc4)c3cc(OC)c2OC)CN527 A -0.07
rac emate
O
OH
N
S
&1
N
O
O
O
O1c2c3Oc4c1cc1CCN=C(Cc5cc(Oc6ccc(CC7N(CCc(cc2OC)c37)C)cc6)c(O)cc5)c1c4N4 2 A -0.07
unk nown c h i ra l i ty
O
OH
?
N
?
N
O
O
O
O1c2c3Oc4c1cc1CCN(C(Cc5cc(Oc6ccc(CC7N(CCc(cc2OC)c37)C)cc6)c(O)cc5)c1c4)CN347 A -0.07
racemate
O
O
OH
N
S&1
N
OH
O
O
O1c2cc3c(nccc3cc2OC)Cc2ccc(COc3c(O)c4C(N(CCc4cc3OC)C)Cc3cc1c(O)cc3)cc2N 92 A -0.07
unk nown c h i ra l i ty
O
R
abs
?
O Rabs
?
S
abs
OH
R
abs
OH
OH
S
abs OH
O
OH
O
OH
O
O
OH
O1[C@@H](O[C@H]([C@@H](Oc2c(OC)cc(cc2OC)CCCO)CO)c2cc(OC)c(O)cc2)[C@H](O)[C@H](O)C(O)C1CON453 A -0. 0
unk nown c h i ra l i ty
OOR
abs
R
absSabs ?
Rabs
?
Rabs
O
O
Sabs
O
O
O
O
O
?
O1C(OC(=O)C)C=2[C@]3([C@@H](C[C@H](OC(=O)C(CC)C)C=2)[C@@](CC=C(C=C)C)(C)[C@@H](C[C@@H]3OC(=O)c2ccccc2)C)C1OC(=O)CN629 A -0.20
unknown chirality
O?
O
? O
O?
?
OH
OH O1C=2C3(CC(CC=C(C)C)C(C)(C)C(CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)CC(CC=C(C)C)C1(C)CN457 A -0.20
unknown chir alit y
O
O ?
?
?
OH
Sabs
?
?
OH
?
?
?
?
?
O
OH
O(C(=O)C=Cc1ccc(O)cc1)C1C(C2CCC3(C(CCC4(C5C(CCC34C)(CCC5C(C)=C)C(O)=O)C)[C@]2(CC1O)C)C)(C)CN395 A -0.20
unk nown c h i ra l i ty
O ?
O
?
OOH
?O
?
OH
?
OH?
?
O
OH
OH
OH
O
O1C(C)C(O)C(OC(=O)C=Cc2ccccc2)C(O)C1OC1C(Oc2c(C1=O)c(O)cc(O)c2)c1cc(O)c(O)cc1N627 A -0.20
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unk nown c h i ra l i ty
O
O
?
?
OH
?
?
OH
?
?
?
?
?
O
OH
?OH
OH
?O?
OH
?
O
?
?
OH?
O
?
OH
?
OH
O
?
?
OH
?
OH
OH
OH
O1C(OC2OC(C(OC3C=C(C4CC5OC(=O)C(O)C6(O)C57C(C4(C)C3O)C(OC7)(O)C(O)C6=C)C)O)C(O)C(O)C2O)(CO)C(O)C(O)C1CON334 A -0.20
unk nown c h i ra l i ty
O
O
?
N
? N
O
O
OH
O
O(c1cc(ccc1OC)CC1N(CCc2c1cc(OC)c(OC)c2)C)c1ccc(cc1)CC1N(CCc2c1cc(O)c(OC)c2)CN389 A -0. 0
unknown chir alit y
O
OH
O
?
N
O
?
O
N
O
O
OH
O(c1c2CC3N(CCc4c3c(-c2cc(OC)c1O)c(OC)c(OC)c4OC)C)c1ccc(cc1)CC1N(CCc2c1cc(OC)c(O)c2)CN366 A -0.20
rac emate
O
O OH
&1
OH
O
O
O
OOH
O M
O1c2c(C(=O)C=C1c1ccc(OC)cc1)c(O)cc(O)c2-c1cc(ccc1OC)C=1Oc2c(C(=O)C=1)c(O)cc(OC)c2N378 A -0.20
rac emate
O
O OH
&1
OH
O
OH
O
OOH
O M
O1c2c(C(=O)C=C1c1ccc(O)cc1)c(O)cc(O)c2-c1cc(ccc1OC)C=1Oc2c(C(=O)C=1)c(O)cc(OC)c2N44 A -0.20
unk nown c h i ra l i ty
O
O
?
O
OH N
O Sabs N
O
OH
O1c2c3CCN([C@@H](Cc4ccc(Oc5cc(C[C@@H]6N(CCc7cc(O)c(OC)c1c67)C)ccc5O)cc4)c3cc(OC)c2OC)CN609 A -0.20
racemate
O
O
O
N
S&1
N
OH
O
O
O1c2cc(CC3N(CCc4c3c(O)c(OCc3ccc(Cc5nccc6cc(OC)c1cc56)cc3)c(OC)c4)C)ccc2OCN393 A -0.20
unk nown c h i ra l i ty
O O
?
?
N
O
N
O
?
?
O
O
O
O?
?
N O
O1C(C(C)C)C(=O)N(C)C(Cc2ccccc2)C(OC(C(C)C)C(=O)N(C)C(Cc2ccccc2)C(OC(C(C)C)C(=O)N(C)C(Cc2ccccc2)C1=O)=O)=ON447 A -0.20
u n k n o w n  c h ira lity
O
O
?O
O
Sa b s
O
O Ra b s
Ra b s
O H
Sa b s
Sa b s O H
O HN 2H
O1[C@H](CN)[C@@H](O)[C@H](O)[C@@H](O)[C@@H]1OCC(OC(=O)CCCCCCCCCCCCCCCCCCC)COC(=O)CCCCCCCCCCCCCCCN622 A -0.33
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unknown chir alit y
O O
?
?
?
O
O
O ?
?
?
O
?
?
O
OO
O H
?
O
?
O H
O
O
O1C(C)C(OC(=O)C)C(OC(=O)C)C(OC(=O)C)C1OC1C(O)C(O)C(OC1OCCCCCCCCCCCCCCCC)COC(=O)CN544 A -0.33
unknown chir alit y
O O
?
?
?
O
O
O ?
?
?
O
?
?
O
OO
O
?
O
?
O H
O
O
O
O1C(C)C(OC(=O)C)C(OC(=O)C)C(OC(=O)C)C1OC1C(OC(=O)C)C(O)C(OC1OCCCCCCCCCCCCCCCC)COC(=O)CN636 A -0.33
unk nown c h i ra l i ty
O
?
?
O ?
OH
O
?
OH
OH
Oc1cc(ccc1O)C(O)=C1C(=O)C2(CC=C(C)C)C(CCC=C(C)C)(C)C(CC(CC=C(C)C)(C2=O)C1=O)CC=C(C)CN522 A -0.33
th is  enantiomer
O
O S
abs
S
abs Rabs
Rabs Sabs
R
abs S
abs
O
O
Sabs
O
O
O
O
O
O1[C@H](OC(=O)C)C=2[C@@]3([C@H](C[C@H](OC(=O)C(C)C)C=2)[C@](CC=C(C=C)C)(C)[C@H](C[C@H]3OC(=O)c2ccccc2)C)[C@@H]1OC(=O)CN606 A -0.33
unknown chir alit y
O
O ?
? Sa b s
?
N
NNH
Ra b s
NH
Ra b s
?
N
Sa b s
N
NH
?
Sa b s
O(C(=O)[C@@H]1[C@H]2N3[C@H](C[C@H](NC3=N[C@@H]1C)CCCCCCCC)CN2)C(CCCCCCCC1N=C2N[C@H](C[C@@H]3N2[C@H](C1)CC3)C)CN6 0 A -0.33
unk nown c h i ra l i ty
O
O
? ?
S
abs
O
?
Rabs
O
O
R
abs
Sabs
OH
R
abs
Sabs
O
O
O
O
O
O1[C@@H](O)C=C([C@@H]2OC(=O)C[C@@]34O[C@H]5CC(=O)C(C)(C)[C@H]([C@H](OC(=O)C)C(OC)=O)[C@]5([C@@H](CC[C@@]23C)C4=C)C)C1=ON588 A -0.3
rac emate
O OH
S
&1
O
OH
OH
O
O
O
OH
OH
OO
OC1(c2c(c(C)c(C(OC)=O)c(O)c2)C(=O)c2c1cccc2O)c1ccc2c(c1O)C(=O)c1c(cc(O)c(C(OC)=O)c1C)C2=ON582 A -0.33
unknown chirality
O
O
?
?
O
N
O
N
OH
OH
O
O
O(c1cc(OC)c(OC)cc1CC1N(CCc2c1cc(O)c(OC)c2)C)c1cc2c(cc1OC)CCN(C)C2Cc1cc(O)c(OC)cc1N388 A -0.33
rac emateO
O
OH
&1
OH
O
O
O
O
OH
OH
M
O1c2c(C(=O)C=C1c1ccc(OC)cc1)c(O)cc(O)c2-c1cc(ccc1OC)C=1Oc2c(C(=O)C=1)c(O)cc(O)c2N545 A -0.33
Structure Smiles ID Hit_Status Consensus…
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unk nown c h i ra l i ty
O
Rabs
R
abs
?
O
OHSabs
O
O
OHOH
O
OH
OH
O1c2c(C(=O)[C@H]([C@@H]3[C@H](Oc4c(C3=O)c(O)cc(O)c4)c3ccc(O)cc3)[C@H]1c1ccc(OC)cc1)c(O)cc(O)c2N326 A -0.33
unknown chirality
N ?
?
?
?
?
?
N
?
N
?
N
N12CC(C3C=4C5N(C=C6C7CC8N(CC7=CC)CCC78C6N(C=4)c4c7cccc4)c4c(C5(C1C3)CC2)cccc4)=CCN608 A -0.33
unknown chir alit y
O
N?
?N O
N 2HO
?
N
H
O
?
O
N
O
??
O(C)c1ccc(cc1)CC(N(C(=O)C(N(C(=O)C(NC(=O)C(N(C(=O)C(CC(CCCCC#C)C)C)C)Cc1ccccc1)C)C)C)C)C(=O)NN600 A -0.47
unknown chir alit y
OO
?
?
Sa b s?
NN
N
H
Ra b s
NH
Ra b s
?
N
Sa b s
N NH
? S
a b s O(C(=O)[C@@H]1[C@H]2N3[C@H](C[C@H](NC3=N[C@@H]1C)CCCCCCCCC)CN2)C(CCCCCCCC1N=C2N[C@H](C[C@@H]3N2[C@H](C1)CC3)C)CN6 1 A -0.47
unk nown c h i ra l i ty
O
?
?
??
?O
?
O
?
? ?
O
O
?
?
O
O
O1C(C1(C)C)C1OC(OC(=O)C)C(C1)C1CC=C2C1(CCC1C2(C)C(OC(=O)C)CC2C(C)(C)C(=O)C=CC12C)CN434 A -0.47
unknown chir alit y
O
OH ?
OH
?
OH
O
OHO
OH
O(CC=C(C)C)c1cc(O)c2c(c1)C(c1c(C2=O)c(O)cc(c1)C)C1c2c(c(O)c(CC=C(CCC=C(C)C)C)c(O)c2)C(=O)c2c1cc(cc2O)CN495 A -0.47
unk nown c h i ra l i ty
O
OH
?
O
O
OH
O O
O ?
O
OH
OH
O
O O(C(=O)C(CC)C)C1(c2c(c(C)c(C(OC)=O)c(O)c2)C(=O)c2c1cccc2O)c1ccc2c(c1O)C(=O)c1c(cc(O)c(C(OC)=O)c1C)C2=ON418 A -0.47
unknown chir alit y
O
O
Ra b s
Ra b s
Sa b s
Sa b s
O
Sa b s
OH
Ra b s
?
Ra b s
OH
Ra b s
O
O
Ra b s
N
Sa b s
Ra b s
?O H
Sa b s
O
O
Sa b s
Ra b s
OH
Ra b s
O H
Sa b s N
N N
N
O NH
OH
O1[C@H](CC)[C@](O)(C)[C@H](O)[C@H](N(C[C@@H](C[C@](O)(C)[C@H](O[C@@H]2O[C@@H](C[C@H](N(Cc3ccc(cc3)-c3nnn(c3)CCCCCCCCCC(=O)NO)C)[C@H]2O)C)[C@@H](C)[C@H](O[C@@H]2O[C@@H](C)[C@H](O)[C@](OC)(C2)C)[C@@H](C)C1=O)C)C)CN530 A -0.47
unk nown c h i ra l i ty
O
?
O
?
?
?
?
OO
O
?
?
O?
O
O
O
O
O
O
O
O(C(=O)C)C12C(C=C(C)C(=O)C(OC(=O)C)CC(OC(=O)C)C(CC=C(C)C1OC(=O)C)(C)C)C(OC(=O)c1ccccc1)C(C)C2OC(=O)CN643 A -0.60
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u n k n o w n  c h ira lity
OO
Ra b s
Sa b sRa b s
O
NN
Sa b s
?
NHR
a b s O
Sa b s
O
N
N2H
N2H
O1[C@]2(N=C3N[C@@]4(O[C@H](C=CCC4)CC)C[C@H]4N3[C@H](CC4)[C@@H]2C(OCCCCCCCCCCCCCCCC(=O)N(CCCCN)CCCN)=O)CCC[C@H]1CN621 A -0.60
O
OH
OH
O H
O
O H
O H
O H
Oc1c2c(cc(O)c1C(=CCCC(=CCC)C)C)C(c1c(C2=O)c(O)cc(c1)C)=C1c2c(c(O)c(C(=CCCC(=CCC)C)C)c(O)c2)C(=O)c2c1cc(cc2O)CN477 A -0.60
unk nown c h i ra l i ty
Br
NH
?
N
ON
H
O
?
?
NH
O
?
O
O
?
OH
?
Brc1[nH]c2c(cccc2)c1CC1N(C)C(=O)C(NC(=O)C(CC(=CC(CC(OC(=O)CC(NC1=O)c1ccc(O)cc1)C)C)C)C)CN379 A -0.60
unknown chir alit y
O
O ?
?
?
OH ?
?
??
?
O
O
?
O
OH
O
O
O
O
O1C(OC(=O)C)C23C(CC(OC(=O)CCC)C=C2C1OC(=O)C)C(CC=C(C=C)C)(C)C(C)C(OC(=O)C=Cc1ccc(O)cc1)C3ON552 A -0.73
unknown chir alit y
OO
Sa b s
NNH
NH
N
H
NH
N2H
O
O
?
Sa b s
?
N
N
Sa b s
NH
Ra b s
O(C(=O)C1=C2N(CCC2)C(N[C@@H]1CCCCCCCCCOC(=O)[C@@H]1[C@H]2N3[C@H](C[C@H](NC3=N[C@@H]1C)CCCCCCC)CC2)=N)CCCCNC(N)=NN618 A -0.73
unknown chir alit y
OO
Sa b s
NNH
NH
N
H
NH
N2H
O
O
?
Sa b s
?
N
N
Sa b s
NH
Ra b s
O(C(=O)C1=C2N(CCC2)C(N[C@@H]1CCCCCCCCCOC(=O)[C@@H]1[C@H]2N3[C@H](C[C@H](NC3=N[C@@H]1C)CCCCCCCC)CC2)=N)CCCCNC(N)=NN619 A -0.87
Structure Smiles ID Hit_Status Consensus…
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O
OH
O
O
OC1(C=CC(=O)C=C1)CC(OC)=ON797 MA 0.87
O
OOH
OH O(C)c1cc(O)cc(O)c1C(=O)C=Cc1ccccc1N876 MA 0.87
unknown chirality
OOH
?
?
?
? O
O
OH
O1C2CCC1C(C(O)=O)C2C(O)=ON816 MA 0.73
unknown chirality
O
O?
?
OHO
O1CC(C(O)C=C(CC(=O)C=C(C)C)C)C(=C)C1=ON805 MA 0.73
O
OH
O
OH
Oc1c2c(C(=O)C=C(C)C2=O)c(O)cc1N702 MA 0.73
O
OOH
O
O
O
O
O(C)c1c(OC)cc(cc1OC)C=CC(=O)c1c(OC)cc(OC)cc1ON774 MA 0.73
Structure Smiles ID Hit_Status Consensus_score
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O
OH
O
OH
O
OOH
O
O
O
O
O(C)c1c(OC)cc(cc1OC)C=CC(=O)c1c(OC)cc(OC)cc1ON774 MA 0.73
O
OH
OH
OH
Oc1cc(O)ccc1C(=O)C=Cc1ccc(O)cc1N815 MA 0.73
OOH
OH
O(C)c1cc(O)c(cc1)CC(C(Cc1ccc(O)cc1)=C)=CN866 MA 0.73
ON
O
O
O
o1c2nc3c(ccc(OC)c3OC)c(OC)c2cc1N874 MA 0.73
racemate
O
O
S
&1
O
O(C)C1=CC(=O)C(=CC1=O)C(C=C)c1ccccc1N707 MA 0.73
O
OO
OH
OH
O1C=C(C(=O)c2c1cc(O)cc2)c1cc(OC)c(O)cc1N77 MA 0.73
Structure Smiles ID Hit_Status Consensus_score
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racemate
O
O
S
&1
O
O
OO
OH
OH
O1C=C(C(=O)c2c1cc(O)cc2)c1cc(OC)c(O)cc1N77 MA 0.73
O
O
OHO
OH
O1C=C(C(=O)c2c1cc(OC)cc2O)c1ccc(O)cc1N848 MA 0.73
OOH
O
O
OH
OH
OH
O1c2c(c(O)c(OC)c(O)c2)C(=O)C=C1c1cc(O)c(O)cc1N763 MA 0.73
O
OH
O
OH
OH
OH O1c2c(ccc(O)c2)C(=O)C(O)=C1c1cc(O)c(O)cc1N837 MA 0.73
O
O
O
O O1C2=C(CCc3c1cccc3)C(=O)C(OC)=CC2=ON709 MA 0.73
unknown chiralityO
O
O
O?
?OH
OOH
OH O1c2c(OC(CO)C1c1cc(OC)c(O)c(O)c1)cc1OC(=O)C=Cc1c2N687 MA 0.73
Structure Smiles ID Hit_Status Consensus_score
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O
O
O
O
unknown chiralityO
O
O
O?
?OH
OOH
OH O1c2c(OC(CO)C1c1cc(OC)c(O)c(O)c1)cc1OC(=O)C=Cc1c2N687 MA 0.73
unknown chirality
O
O ? O
?
O
? O
O O1OC(OC)(CC(C)C1CC(OC)=O)CCCC=CC(=O)CN660 MA 0.60
O
O
OH
O
O1c2c(c(cc(O)c2)CC(=O)C)C(=O)C=C1CN850 MA 0.60
unknown chirality
OH
OH
?
?
OH
OH
Oc1cc(ccc1O)CC(C(Cc1cc(O)c(O)cc1)C)CN810 MA 0.60
O
OH
O
OH
O(C)c1cc(O)c(cc1C=CC(=O)c1ccc(O)cc1)C(C=C)(C)CN7 3 MA 0.60
this enantiomer
Br
NH
S
abs
NH
N
H
NH
N2H
Brc1cc2[nH]c3c(CCN[C@@H]3CCCNC(N)=N)c2cc1N679 MA 0.60
Structure Smiles ID Hit_Status Consensus_score
 
 
 
 
Page: 5
O
OH
O
OH
this enantiomer
Br
NH
S
abs
NH
N
H
NH
N2H
Brc1cc2[nH]c3c(CCN[C@@H]3CCCNC(N)=N)c2cc1N679 MA 0.60
racemate
Br
NH
S
&1
NH
N
N 2H
N2H
Brc1cc2[nH]c3c(CCNC3CCCN=C(N)N)c2cc1N18 MA 0.60
O
O
OH
O
OH
O
O
o1c2c(c(C=O)c1-c1ccc(OC)c(O)c1OC)c(O)cc(OC)c2N740 MA 0.60
OOH OH
O
OH
Oc1c2c(cc(c1)CO)C(=O)c1c(C2=O)c(O)ccc1N14 MA 0.60
O
OH
OH
O
O1c2c(cc(cc2)C=CC(=O)c2ccc(O)cc2O)C=CC1(C)CN882 MA 0.60
O OH
O
OH
O
O
O1c2c(c(O)c(O)c(OC)c2)C(=O)C=C1c1ccc(OC)cc1N867 MA 0.60
Structure Smiles ID Hit_Status Consensus_score
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O
OH
OH
O
O OH
O
OH
O
O
O1c2c(c(O)c(O)c(OC)c2)C(=O)C=C1c1ccc(OC)cc1N867 MA 0.60
this enantiomer
O
R
abs
OH
O
O
O
OH
O1c2c(c(O)c(OC)c(OC)c2)C(=O)C[C@H]1c1ccc(O)cc1N860 MA 0.60
unknown chiralityO
O
?S
abs
OS
abs
?
?Rabs
Sabs
O
OH
O O1C[C@@]23O[C@@H]2[C@H]2OC(=O)[C@@]4(C2[C@](C[C@H](O)C4)(C3=CC1=O)C)CN827 MA 0.60
unknown chirality
O O
?
?
NH
N
?
?
O
O
O(C)c1cc2c3c([nH]c2cc1OC)C1(C2N(CC(C1)CC2CC)CC3)C(OC)=ON688 MA 0.60
unknown chirality
O
O
S
abs
?
?
Rabs
R
abs
O Rabs
O
Sabs
OH R
abs
O
OH
O1[C@@H]2[C@H]3[C@@H](c4c(occ4)C[C@@H]3[C@]3(C)[C@@](O)([C@H]2OC(=O)C)C(CC[C@@H]3O)(C)C)C1=ON674 MA 0.60
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O
S
abs
?
?
Rabs
R
abs
O Rabs
O
Sabs
OH R
abs
O
OH
racemate
O
OH
S&1
O
O
OC1=C2C(CCC=C2C)(c2c(cc3c(c2)C(=O)C=CC3=O)C1=O)CN872 MA 0.60
O
O
N+
O
O
O1c2c3c(c4c([n+](c3)C)c3c(cc5OCOc5c3)cc4)ccc2OC1N822 MA 0.60
unknown chirality
O
O ? O
?
O
? O
?
OH
?
OH O1OC(OC)(CC(C)C1CC(OC)=O)CCCC(O)C=C(C(O)C)CN659 MA 0.47
O
OHO
OH
OH
O(C)c1cc(O)c(CC=C(C)C)c(O)c1C(=O)C=Cc1ccc(O)cc1N838 MA 0.47
unknown chirality
O O
?
?
?
?
O
OH
O
OH
O O(C(=O)C)C1C2(c3c(CCC2(O)C(CC1OC(=O)C)(C)C)c(C)c(C=O)c(O)c3)CN657 MA 0.47
unknown chirality
O
?
?
O
OH
O1c2c(cc(O)c(OC)c2)C(C)C1c1ccccc1N857 MA 0.47
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O O
?
?
?
?
O
OH
O
OH
O
unknown chirality
O
?
?
O
OH
O1c2c(cc(O)c(OC)c2)C(C)C1c1ccccc1N857 MA 0.47
unknown chirality
OO
?
?
?
OH
?
?
OOH
O1CC2(O)C(CC1=O)C1(C(C=C2)C(CCC1)(C(O)=O)C)CN835 MA 0.47
unknown chiralityO
O
?
?
?
?
OH
?
?
OH O1C2C(C(=C)C1=O)C(O)C1C(C2)(C)C(O)CC=C1CN888 MA 0.47
unknown chirality
O
ORabs
Sabs
OH
OH
Rabs
?Sabs
O1[C@@H](O)[C@@]2(O)C(=CC[C@@H]3[C@@]2(CC[C@H](C)C3=C)C)C1=ON752 MA 0.47
unknown chirality
O
O
?
?
S
abs
Rabs
S
abs
?
Sabs
O
O
Sabs
OH
OH
O
O
O1[C@@H]2[C@]3(C)[C@@H](O)CC[C@@](O)(C)C3(C)[C@@H](OC(=O)C(C)=C)C([C@@H]2OC(=O)C(=CC)C)C(=C)C1=ON868 MA 0.47
O
O
O
OH
O
o1c2c(c3c1c(C)c(O)c(OC)c3)C(=O)C=C(C)C2=ON764 MA 0.47
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O
?
?
S
abs
Rabs
S
abs
?
Sabs
O
O
Sabs
OH
OH
O
O
O
O
O
OH
O
o1c2c(c3c1c(C)c(O)c(OC)c3)C(=O)C=C(C)C2=ON764 MA 0.47
unknown chirality
O Rabs
?
O
O
O1C=2C(C[C@H]3CC=CC(=O)[C@@]3(C=2)C)=C(C)C1=ON801 MA 0.47
O
OH
N
O
O
OH
O
O(C)c1c(OC)c(OC)c2N(c3c(cccc3O)C(=O)c2c1O)CN738 MA 0.47
O
N OH
O
OH
OH O(C)c1c2N(c3c(cccc3O)C(=O)c2c(O)cc1O)CN861 MA 0.47
unknown chirality
O
O?
OH
S
abs
OH
?
Sabs
R
abs
O1C(O)C(=CC1=O)[C@@H](O)C[C@H]1[C@]2([C@H](CC=C1C)C(CCC2)(C)C)CN788 MA 0.47
O
O
OH
OH
OH
O
O1C=C(c2ccc(CC=C(C)C)c(OC)c2O)C(=O)c2c1cc(O)cc2ON748 MA 0.47
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O?
OH
S
abs
OH
?
Sabs
R
abs
O
O
OH
OH
OH
O
O1C=C(c2ccc(CC=C(C)C)c(OC)c2O)C(=O)c2c1cc(O)cc2ON748 MA 0.47
OOH
OOH
OH
O1c2c(c(O)c(CC=C(C)C)c(O)c2)C(=O)C=C1c1ccc(O)cc1N766 MA 0.47
unknown chirality
OO
?
?
? O?
?
?
?
O
OH
O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(CCC2OC(=O)C)(C)C)C(OC(=O)C)C1)C(OC)=ON754 MA 0.47
unknown chiralityO
O
?R
abs R
absSabs OH
?
O
SabsO
O
O O1[C@H]2[C@@H]([C@@H](OC(=O)C(=CC)C)C[C@]3(OC(=CC3=O)C(C)[C@@H]2O)C)C(=C)C1=ON824 MA 0.47
unknown chirality
O ?
?
?
?
?
?
?
O
?
O
OH
O1C23C4C5(C(=CC1(C)C4O)C(=O)C(C5)C)C(=O)C(CC2C3(C)C)CN871 MA 0.47
unknown chiralityO O
R
abs ? Rabs
R
abs
O
O O1CC=2C(=CC1=O)[C@@]1(C3[C@H](OC(=O)[C@]3(CCC1)C)C=2)CN834 MA 0.47
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O ?
?
?
?
?
?
?
O
?
O
OH
unknown chiralityO O
R
abs ? Rabs
R
abs
O
O O1CC=2C(=CC1=O)[C@@]1(C3[C@H](OC(=O)[C@]3(CCC1)C)C=2)CN834 MA 0.47
O
OO
O
O
O
O1c2c(C=CC1(C)C)c(OC)c(cc2)C(=O)CC(=O)c1cc2OCOc2cc1N878 MA 0.47
this enantiomer
O
O
S
abs
OHO
R
abs
S
abs
OH
Sabs
OH
OH
O1[C@H](CC=C[C@@H](O)[C@@H](O)[C@@H](O)CC=Cc2c(C1=O)c(O)cc(OC)c2)CN782 MA 0.47
unknown chirality
O O
?N ?
?
N
O(C(=O)C1n2c3C4N(CC(C1C4)=CC)CCc3c1c2cccc1)CN753 MA 0.47
unknown chirality
OO
?
?
?
N?OH
? N
O(C(=O)C1(C2CC3N(C1Cc1c3n(c3c1cccc3)C)CC2=CC)CO)CN78 MA 0.47
unknown chirality
O
?
O
OH
Rabs
S
abs
Rabs
O
O
O
O1[C@@]2([C@@]34Oc5c(C(=O)C3=C[C@](OC)(C[C@H]4C1(C)C)C2=O)c(O)ccc5)CC=C(C)CN745 MA 0.47
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
OO
?
?
?
N?OH
? N
unknown chirality
O
?
O
OH
Rabs
S
abs
Rabs
O
O
O
O1[C@@]2([C@@]34Oc5c(C(=O)C3=C[C@](OC)(C[C@H]4C1(C)C)C2=O)c(O)ccc5)CC=C(C)CN745 MA 0.47
this enantiomer
O
S
absS
abs
S
abs
O
O
O
O
O1c2c(OC1)cc1c(c2)C(=O)[C@@H](C)[C@@H](C)[C@@H]1c1cc(OC)c(OC)cc1N826 MA 0.47
unknown chirality
O
O
?
?
O
?
?
?
?
?
O
O
?
?
O
O
O1C(C2(C3(OC3C1=O)C1(C(CC2)C2(C(CC1OC(=O)C)C(C)(C)C(=O)CC2)C)C)C)c1ccoc1N682 MA 0.47
unknown chirality
O
O ? O
?
O
? O
O1OC(OC)(CC(C)C1CC(OC)=O)CCCC=CC(=CC)CN727 MA 0.33
O
OHOH
Oc1cccc(O)c1C(=O)CCCCCCCCc1ccccc1N849 MA 0.33
Structure Smiles ID Hit_Status Consensus_score
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O
OHOH
unknown chirality
O
?
?
?
?
OO
O1OC2C(C3(C(=CCCC3C)C(=O)C2)C)C1(C)CN689 MA 0.33
O
O
O
OH
O
OHO O1c2c(Oc3c(c(cc(O)c3C=O)C)C1=O)cc(O)c(C(=O)C=C(C)C)c2CN779 MA 0.33
ClOH
O
O
O
O
OH
OO Clc1c(O)c(c2Oc3c(OC(=O)c2c1C)c(O)c(OC)c(C(=O)C=C(C)C)c3C)C=ON792 MA 0.33
O
O
OH OH
OH
O
O1C=C(C(=O)c2c1cc(O)cc2O)c1cc(CCC=C(C)C)c(OC)c(O)c1N858 MA 0.33
racemate
OS
&1
O OH
OH O1c2c(c(O)c(C)c(O)c2C)C(=O)CC1c1ccccc1N877 MA 0.33
unknown chiralityO
?
??
?O
O
OO
O1CC=C(CCC2(C3CC(=O)C=C(C)C3(CCC2COC(=O)C)C)C)C1=ON887 MA 0.33
Structure Smiles ID Hit_Status Consensus_score
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racemate
OS
&1
O OH
OH
unknown chiralityO
?
??
?O
O
OO
O1CC=C(CCC2(C3CC(=O)C=C(C)C3(CCC2COC(=O)C)C)C)C1=ON887 MA 0.33
unknown chiralityO
OHSabs
?
SabsSabs
O
OH
?S
abs ORabsRabs
OH
O
O
O
o1c2c(cc1)[C@H](C1[C@H](C2)[C@]2(C)[C@@](O)(C(OC(=O)C)[C@@H]1O)C(CC[C@@H]2OC(=O)C)(C)C)C(O)=ON776 MA 0.33
unknown chirality
OH?
?
? NN
H
OCC(C=C)C1CC2N(CC1)CCc1c2[nH]c2c1cccc2N804 MA 0.33
this enantiomer
OO
R
abs
Rabs
S
abs
N
NHOH
Oc1cc2c3CCN4[C@@H](C[C@H](CCOC(=O)C)[C@H](C4)C=C)c3[nH]c2cc1653 MA 0.33
unknown chirality
O ?
?
?
?
O
O
O
O
O1C(C(C)C(C)C1c1cc(OC)c(OC)cc1)c1cc(OC)c(OC)cc1N842 MA 0.33
unknown chiralityO
O
??
?? OHO
? O
O
O O1C2=CC(=O)C1(CC(OC(=O)C(=CC)C)C1C(OC(=O)C1=C)C(O)C2=C)CN692 MA 0.33
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O ?
?
?
?
O
O
O
O
unknown chiralityO
O
??
?? OHO
? O
O
O O1C2=CC(=O)C1(CC(OC(=O)C(=CC)C)C1C(OC(=O)C1=C)C(O)C2=C)CN692 MA 0.33
unknown chirality
O
O
R
abs?
R
abs
S
abs
O
SabsOH
O
O1CC=2C(=CC1=O)[C@@]1(C3[C@H](OC(=O)[C@@]3(C)[C@@H](O)C=C1)C=2)CN830 MA 0.33
unknown chiralityO O
R
abs ? Rabs
R
abs
O
O O1CC=2C(=CC1=O)[C@@]1(C3[C@H](OC(=O)[C@]3(CC=C1)C)C=2)CN833 MA 0.33
unknown chiralityO
O
R
abs
?
R
abs
Rabs
Sabs
O
OH
O O1CC=2C(=CC1=O)[C@@]1(C3[C@H](OC(=O)[C@]3(C[C@@H](O)C1)C)C=2)CN828 MA 0.33
unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O O1CC=2C(=CC1=O)[C@@]1(C3[C@H](OC(=O)[C@]3(CC[C@H]1O)C)C=2)CN831 MA 0.33
racemate
O
S
&1
OH
OH
OH
O1c2c3C(CC1(C)C)c1c(CCc3cc(O)c2C)c(O)c(O)cc1N741 MA 0.33
Structure Smiles ID Hit_Status Consensus_score
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unknown chiralityO O
R
absS
abs ?
RabsOH
R
abs
O
O
racemate
O
S
&1
OH
OH
OH
O1c2c3C(CC1(C)C)c1c(CCc3cc(O)c2C)c(O)c(O)cc1N741 MA 0.33
unknown chirality
O?
?
?
OH
?
?
OH
?O
O
O
o1c2c(cc1)C(C1C(C2)C2(C)C(O)(C(O)C1OC(=O)C)C(CCC2=O)(C)C)=CN705 MA 0.33
unknown chirality
O
O?
S
abs
O
S
abs
?
?
S
abs
O
RabsOH
O
O1C[C@@]23O[C@@H]2[C@H]2OC(=O)[C@@]4(C2[C@@](C3=CC1=O)(C=C[C@@H]4O)C)CN829 MA 0.33
unknown chiralityO O
?
S
abs
O
Sabs
?
?
R
abs
O
O O1C[C@@]23O[C@@H]2[C@H]2OC(=O)[C@@]4(C2[C@@](C3=CC1=O)(C=CC4)C)CN832 MA 0.33
unknown chirality
O
N
OH
S
abs
O
OH
O(C)c1c2c(C[C@@H](N=C2C)C)c(-c2c3c(c(OC)cc(c3)C)c(O)cc2)c(O)c1N681 MA 0.33
unknown chirality
O
R
abs
NH
OH
R
abs O
OH
O(C)c1cc(O)c(c2c1[C@H](N[C@@H](C2)C)C)-c1c2c(c(O)cc(c2)C)c(OC)cc1N665 MA 0.33
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
N
OH
S
abs
O
OH
unknown chirality
O
R
abs
NH
OH
R
abs O
OH
O(C)c1cc(O)c(c2c1[C@H](N[C@@H](C2)C)C)-c1c2c(c(O)cc(c2)C)c(OC)cc1N665 MA 0.33
O
O
OO
O
O
O1c2c(C(=O)C=C1c1cc3OCOc3cc1)c(OC)cc(OC)c2N806 MA 0.33
unknown chirality O
?
O?
?
?
NN
O1C=C(C2C(C3N(C(C2)c2n(c4c(c2C3)cccc4)C)C)C1)C(=O)CN884 MA 0.33
racemate
O
O
S
&1N
H
O
OH
O(C)C=1C=2C(CC(NC=2C)C)=C(c2c3c(c(OC)cc2C)c(O)ccc3)C(=O)C=1N793 MA 0.33
Cl
OH
O
O O
O
O O
Clc1c(O)c(c2Oc3c(OC(=O)c2c1C)c(c1c(OC(CC1=O)(C)C)c3)C)C=ON852 MA 0.33
Structure Smiles ID Hit_Status Consensus_score
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Cl
OH
O
O O
O
O O
unknown chirality
O
O
?
?
OOH
O1c2c(C=CC1(C)C)c1OCC3C(Oc4cc(O)ccc34)c1cc2N761 MA 0.33
racemate
O
S
&1
N
O
O
O
O
O1c2c(OC1)cc1c(c3N(C)C(c4c(-c3cc1)ccc(OC)c4OC)CC(=O)C)c2N699 MA 0.33
unknown chirality
O
ORabs
Sabs
O
Sabs
R
abs
Rabs
Sabs
? O
OH
R
abs?
Rabs OR
abs
O
OO
O1[C@H]([C@]2([C@@]3(O[C@@H]3C1=O)[C@]1(C(CC2)[C@@]2(C(C[C@H]1O)C(C)(C)[C@H](OC(=O)C)C[C@@H]2OC(=O)C)C)C)C)c1ccoc1N875 MA 0.33
O OH
OH
OH
OOH
Oc1c(cc(cc1O)C(O)=O)CC=C(CCC=C(CCC=C(CCC=C(C)C)C(O)=O)C)CN775 MA 0.20
this enantiomer
O
N
R
abs
O
O
S
absN
H
O
S
abs
N
H
O
S
absO
O
R
abs
N
S
abs
O(C)C1=CC(=O)N(C(=O)C=C[C@@H](NC(=O)[C@@H](NC(=O)[C@@H](OC(=O)[C@H](N(C)C)[C@H](CC)C)CC(C)C)CC(C)C)C)[C@H]1CN845 MA 0.20
unknown chirality
O
O?
Rabs
?
S
abs
Rabs
O
?
Rabs
O
O
O(C)[C@H]1C[C@@H](C)[C@]([C@@H]2C[C@@H](OC(=O)C(CC)C)C=C(C=O)[C@]12C=O)(CC=C(C=C)C)CN735 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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this enantiomer
O
N
R
abs
O
O
S
absN
H
O
S
abs
N
H
O
S
absO
O
R
abs
N
S
abs
unknown chirality
O
O?
Rabs
?
S
abs
Rabs
O
?
Rabs
O
O
O(C)[C@H]1C[C@@H](C)[C@]([C@@H]2C[C@@H](OC(=O)C(CC)C)C=C(C=O)[C@]12C=O)(CC=C(C=C)C)CN735 MA 0.20
unknown chirality
Cl??
O
Rabs
R
abs
OH
O
OH
SabsN
H
O
Cl[C@H]1[C@@H]2O[C@@H](O)[C@@H](NC(=O)C=CCCCCCCCCC)C[C@@]2(O)C(=O)C=C1N669 MA 0.20
O
OOH
OH
OH
O(C(=O)c1c(cc(O)cc1O)CCCCCCC)c1cc(cc(O)c1)CCCCCCCN891 MA 0.20
O
OH
OH
OH
Oc1cc(O)c(cc1C(=O)C=Cc1cc(C=CC(C)C)c(O)cc1)C=CC(C)CN670 MA 0.20
unknown chirality
O
O ?
O ?
?
O
?
?
OH
?
O
?
O1C(OC(=O)C)C23C(CC(O)C=C2C1OC(=O)C)C(CC=C(C=C)C)(C)C(CC3)CN8 1 MA 0.20
unknown chirality
O
O ?
?
?
OH
O1C2C(CCC(=CCC(O)C(=C2)C)C)C(=C)C1=ON886 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O ?
O ?
?
O
?
?
OH
?
O
?
unknown chirality
O
O ?
?
?
OH
O1C2C(CCC(=CCC(O)C(=C2)C)C)C(=C)C1=ON886 MA 0.20
O
OOH
O
O
OH
O1c2c(c(CC=C(C)C)c(OC)c(O)c2OC)C(=O)c2c1cccc2ON862 MA 0.20
O
OHOHOH Oc1c2c(cc(C)c1CC=C(C)C)cc1c(C(O)=CC(=O)C1(CC=C(C)C)CC=C(C)C)c2ON658 MA 0.20
unknown chirality
O
OH
?
? O
O OC1=C2C(C=C(C(C)C)C1=O)=CC=C1C(CCCC12C)(COC(=O)C(C)C)CN724 MA 0.20
this enantiomerO O
Sabs
O
S
abs
O
O
SabsO
O
O
OO
O1C=2C([C@@H](OC(=O)C=C(COC(=O)C)C)C[C@@H](C=3O[C@](C=2)(C)C(=O)C=3)C)=C(COC(=O)C)C1=ON684 MA 0.20
O
O OH
OH
OH
OH
O1c2c(C(=O)C=C1c1cc(O)cc(O)c1CC=C(C)C)c(O)cc(O)c2CC=C(C)CN759 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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this enantiomerO O
Sabs
O
S
abs
O
O
SabsO
O
O
OO
O
O OH
OH
OH
OH
O1c2c(C(=O)C=C1c1cc(O)cc(O)c1CC=C(C)C)c(O)cc(O)c2CC=C(C)CN759 MA 0.20
OOH
OO
OH OH
O1c2c(C(=O)C(CC=C(C)C)=C1c1ccc(O)cc1O)c(O)c(C=CC(C)C)c(OC)c2N773 MA 0.20
racemate
O
S&1 O
OH OH
OH
O1c2c(C(=O)CC1c1cc(CC=C(C)C)c(O)c(c1)CC=C(C)C)c(O)cc(O)c2N737 MA 0.20
racemate
O
S&1 O
OH
OH
O1c2c(ccc(O)c2)C(=O)CC1c1cc(CC=C(C)C)c(O)c(c1)CC=C(C)CN808 MA 0.20
unknown chirality
OH
S
abs
?
S
abs
R
abs
R
abs?
Sabs
?
R
abs
OH
OH
RabsRabs
OH
O[C@H]1CC[C@@H]2C(=C[C@H](O)[C@H]3[C@@]4(CC[C@H]([C@@H](C[C@@H](O)C=C(C)C)C)[C@]4(CC[C@@]23C)C)C)[C@]1(CO)CN854 MA 0.20
unknown chirality
O
?
?O
OH
OH
O1c2c(C3C1c1cc(CC=C(C)C)c(O)cc1OC3)ccc(O)c2CC=C(C)CN756 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
OH
S
abs
?
S
abs
R
abs
R
abs?
Sabs
?
R
abs
OH
OH
RabsRabs
OH
unknown chirality
O
?
?O
OH
OH
O1c2c(C3C1c1cc(CC=C(C)C)c(O)cc1OC3)ccc(O)c2CC=C(C)CN756 MA 0.20
unknown chirality
O
?
?O
OH
OH
O1c2c(C3C1c1c(OC3)c(CC=C(C)C)c(O)cc1)ccc(O)c2CC=C(C)CN855 MA 0.20
unknown chirality
O
?
?
OH
O
OH
O
O1C2c3cc(CC=C(C)C)c(O)cc3OCC2(O)c2c1c(CC=C(C)C)c(OC)cc2N865 MA 0.20
unknown chirality
O
O
?
??
?
O
?
OH
O
O
O
O
o1c2c(cc1)c(c1c(c2)C2(C)C(O)(CC1)C(C)(C)C(OC(=O)C)C(OC(=O)C)C2OC(=O)C)CN755 MA 0.20
unknown chirality
O
O
?
?
?
O
O
?
O
?
O
O O
?
OH
?
OH
O
O1C2(CC(OC(=O)C(CO)=C)C=3C(OC(=O)C=3COC(=O)C)C3OC3(CCC2(O)C(CC)C1=O)C)CN710 MA 0.20
O
OH
O
O
O
OH
O1c2c(CCC1(C)C)c(O)c1c(Oc3c(c(CC=C(C)C)c(OC)c(O)c3)C1=O)c2N732 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O
?
?
?
O
O
?
O
?
O
O O
?
OH
?
OH
O
O
OH
O
O
O
OH
O1c2c(CCC1(C)C)c(O)c1c(Oc3c(c(CC=C(C)C)c(OC)c(O)c3)C1=O)c2N732 MA 0.20
racemate
O
OH &1
OH
N
M
O(C)c1c2c(cccc2O)c(-c2ccc3c(c2O)c(nc(c3)C)C)c(c1)CN853 MA 0.20
unknown chirality
O
Sabs
OH
N
Sabs
O
O
O(C)c1c2c(cc(O)c1-c1c3c(c(OC)cc(c3)C)c(OC)cc1)C[C@@H](N(C)[C@@H]2C)CN662 MA 0.20
unknown chirality
O
O
?SabsN
O
OH
O(C)c1cc(OC)c2c(C[C@@H](N(C)C2C)C)c1-c1c2c(c(O)cc(c2)C)c(OC)cc1N742 MA 0.20
unknown chirality
O
O
SabsSabsN
O
O
O(C)c1cc(OC)c2c(C[C@@H](N(C)[C@@H]2C)C)c1-c1c2c(c(OC)cc1C)c(OC)ccc2N864 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O
SabsSabsN
O
O
unknown chirality
O
O
?
OH
?
O ?
O
?
?
OH?
OH
OH
O1C(CC=CC(O)C(O)C(O)CC2OC2c2c(C1=O)c(O)cc(OC)c2)CN780 MA 0.20
unknown chirality
O
O
R
abs
R
abs
Sabs
Sabs
S
absO
?
OHSabsRabsR
abs
R
abs
O1[C@]23[C@@]14[C@]1(OO[C@@]5(C[C@@H](O)CC[C@]15C)C=C4)CC[C@]2(C)[C@H](CC3)[C@@H](C=C[C@@H](C(C)C)C)CN786 MA 0.20
racemate
OOH
O
S
&1
O
O
OH
OH
O1c2cc(O)ccc2C=2Oc3c(c(O)c(C=CC(C)C)c(OC)c3)C(=O)C=2CC1C(O)(C)CN813 MA 0.20
unknown chiralityO
OH
?
?
?
?
?
?
?
? ?
?
OH OC1CCC2(C(CCC3(C2CCC2C4C(CCC23C)(CCC4C(C)=C)C(O)=O)C)C1(C)C)CN889 MA 0.20
unknown chirality
O
OH
??O
O
OH
O(C(=O)c1ccc(O)cc1)C1CC(C2=CC=C3C(=C(O)C(=O)C(=C3)C(C)C)C2(C1)C)(C)CN677 MA 0.20
O OH
O O
OH
OH
O1c2c(C(=O)C(CC=C(C)C)=C1c1ccc(O)cc1O)c(O)c1C=CC(Oc1c2)(C)CN672 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
OH
??O
O
OH
O OH
O O
OH
OH
O1c2c(C(=O)C(CC=C(C)C)=C1c1ccc(O)cc1O)c(O)c1C=CC(Oc1c2)(C)CN672 MA 0.20
racemate
O
O
S&1
OH
O
O
O
OH
O
O1c2c(c(cc(O)c2)CC(=O)C)C(=O)CC1(CC=1Oc2c(c(cc(O)c2)CC(=O)C)C(=O)C=1)CN690 MA 0.20
unknown chirality
O
OH
Rabs
?
R
abs
Sabs
?
Sabs
?
Rabs
?OH
OH
O[C@H]1[C@H](O)C[C@]2(C(CC[C@@]3(C2CC=C2C4CC(CC[C@@]4(CC[C@]23C)C(O)=O)(C)C)C)C1(C)C)CN851 MA 0.20
unknown chirality
O
?
?
?
?
?
?
?
?
?
O=C1CCC2C(CCC3C4(CCC5(C(CC(CC5)(C)C)C4(CCC23C)C)C)C)(C)C1CN812 MA 0.20
racemate
O
O
OH
S
&1
OH
OH
OH
O
O1c2c(C=CC1(C)C)c(O)c1c(C(CC3=C1Oc1c(C3=O)c(O)cc(O)c1)C(C)=C)c2ON819 MA 0.20
racemate
O
O
OH
S
&1
O
OH
OH
OH O1c2cc(O)c3c(OC4=C(CC(c5c4c(O)cc(O)c5O)C(C)=C)C3=O)c2C=CC1(C)CN772 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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racemate
O
O
OH
S
&1
OH
OH
OH
O
racemate
O
O
OH
S
&1
O
OH
OH
OH O1c2cc(O)c3c(OC4=C(CC(c5c4c(O)cc(O)c5O)C(C)=C)C3=O)c2C=CC1(C)CN772 MA 0.20
unknown chirality
O
N
?
?
N
? O
O
N
H
O
?
N
H
O
?
N
?
O
O1C2C(N(CC2)C(=O)C(NC(=O)C(N(C)C)C(CC)C)C(C)C)C(=O)N2C(CCC2)C(=O)NC=Cc2cc1ccc2OCN712 MA 0.20
racemate
O
O OH
R
&1
O
OH
O
OH
O1c2c3C(CC4=C(Oc5c(C4=O)c(O)cc4OC(C=Cc45)(C)C)c3c(O)cc2O)C1(C)CN847 MA 0.20
unknown chirality
O?
?
?
?
?
?
?
O
?
OH
?
O O
O1CC=C(C2CC=C3C2(CCC2C3(C)C(O)C3OCC4(C3C2(C)C(=O)C=C4)C)C)C1=ON663 MA 0.20
unknown chirality
S
N
?
NH
? OHO
N
H
O
?
N
O
S
N
?
NH
O
s1c2nc(c1)C(=O)NC(c1oc(c(n1)C(=O)NC(c1scc(n1)C(=O)NC2C(C)C)C(O)C)C)CN694 MA 0.20
unknown chirality
O OH
?
OH
?O ?
?
OH
?O ? OH
OH
O
O1C(C(O)C(O)C(O)C1OC(=O)c1ccccc1)C1c2c(C(=O)c3c1cccc3O)c(O)cc(c2)CN667 MA 0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
S
N
?
NH
? OHO
N
H
O
?
N
O
S
N
?
NH
O
unknown chirality
O OH
?
OH
?O ?
?
OH
?O ? OH
OH
O
O1C(C(O)C(O)C(O)C1OC(=O)c1ccccc1)C1c2c(C(=O)c3c1cccc3O)c(O)cc(c2)CN667 MA 0.20
unknown chirality
O
O ? O
?
O
? O
O1OC(OC)(CC(C)C1CC(OC)=O)CCCC=CC(=CCC)CN770 MA 0.07
O
O O
O
O(C(=O)C)C=1C(=O)C(=CC(=O)C=1CC=C(CCC=C(C)C)C)CCCCCN781 MA 0.07
this enantiomerO O
R
abs
S
abs
O
S
abs
R
abs
O1[C@@]2([C@@H](O[C@](C2)(CCC[C@@H](CC)C=CCC)CC)CC1=O)CCN856 MA 0.07
this enantiomer
O
S
abs
OH
O1c2c(cc(O)cc2)C=C[C@]1(CCC=C(CCC=C(C)C)C)CN879 MA 0.07
unknown chirality
OOH
N
H
O
?N
H
O
?
N
O
?
N 2H
?
OC(=O)c1ccccc1NC(=O)C(NC(=O)C(N(C(=O)C(N)C(CC)C)C)Cc1ccccc1)CC(C)CN825 MA 0.07
Structure Smiles ID Hit_Status Consensus_score
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this enantiomer
O
S
abs
OH
unknown chirality
OOH
N
H
O
?N
H
O
?
N
O
?
N 2H
?
OC(=O)c1ccccc1NC(=O)C(NC(=O)C(N(C(=O)C(N)C(CC)C)C)Cc1ccccc1)CC(C)CN825 MA 0.07
unknown chirality
Rabs
Rabs
?
[C@@H]12CC=C3[C@H](CCC(=C3)C(C)C)[C@]1(CCCC2(C)C)CN800 MA 0.07
O
OHO
O
OH
OH
O1c2c(c(CC=C(C)C)c(OC)c(O)c2CC=C(C)C)C(=O)c2c1cc(O)c(CC=C(C)C)c2ON675 MA 0.07
O
OHO
OH
OH
OH
O1c2c(c(CC=C(C)C)c(O)c(O)c2CC=C(C)C)C(=O)c2c1cc(O)c(CC=C(C)C)c2ON722 MA 0.07
OOH
O
O
OH OH
O1c2c(c(CC=C(C)C)c(OC)c(O)c2)C(=O)c2c1cc(O)c(CC=C(CCC=C(C)C)C)c2ON720 MA 0.07
Structure Smiles ID Hit_Status Consensus_score
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OOH
O
O
OH OH
O
OOH
O
OH
OH
O1c2c(c(CC=C(CCC=C(C)C)C)c(OC)c(O)c2)C(=O)c2c1cc(O)cc2ON729 MA 0.07
O
OH O
O
OH
OH
O1c2c(c(CC=C(CCC=C(C)C)C)c(OC)c(O)c2)C(=O)c2c1cc(O)c(CC=C(C)C)c2ON743 MA 0.07
O
OH O
OH
OH
OH
O1c2c(c(CC=C(CCC=C(C)C)C)c(O)c(O)c2)C(=O)c2c1cc(O)c(CC=C(C)C)c2ON746 MA 0.07
OOH
O
O
O OH
O1c2c(c(CC=C(C)C)c(OC)c(O)c2)C(=O)c2c1cc(OC)c(CC=C(C)C)c2ON784 MA 0.07
O
OH
O
OH
O
O O1c2c(cc(CC=C(C)C)c(OC)c2O)C(=O)c2c1cc(OC)c(CC=C(C)C)c2ON794 MA 0.07
unknown chirality
O
O
?
Sabs
O
R
abs
O
OS
abs
O
R
abs
O
OH
?OO
O
O1C2C([C@@H](OC(=O)CC(COOC(=O)C)C)C[C@H](C)[C@]3(O[C@](CC3)(C2)C)O)=C(COC(=O)C)C1=ON685 MA 0.07
Structure Smiles ID Hit_Status Consensus_score
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O
OH
O
OH
O
O
unknown chirality
O
O
?
Sabs
O
R
abs
O
OS
abs
O
R
abs
O
OH
?OO
O
O1C2C([C@@H](OC(=O)CC(COOC(=O)C)C)C[C@H](C)[C@]3(O[C@](CC3)(C2)C)O)=C(COC(=O)C)C1=ON685 MA 0.07
unknown chiralityO Sabs
?
Rabs
?
R
abs
O
O=C1C[C@@H](C=C1)C=C(C)[C@@H]1[C@@]2(C=C(C[C@@](C=C1C)(C)C2C(C(=O)CC)=C)C)CN666 MA 0.07
O
OH
OH
O
OH
Oc1c2c(cc(O)c1C(=CCCC(=CCC)C)C)C(=O)c1c(C2=O)c(O)cc(c1)CN678 MA 0.07
racemate
OS
&1
O OH
OH
OH
OH
O1c2c(C(=O)CC1c1cc(O)c(O)c(CC=C(C)C)c1CC=C(C)C)c(O)cc(O)c2N671 MA 0.07
racemate
O
S&1 O
OH OH
OH
O1c2c(C(=O)CC1c1cc(CC=C(C)C)c(O)c(c1)CC=C(C)C)c(O)cc(O)c2CC=C(C)CN676 MA 0.07
racemate
OS
&1
O OH
OH
OH
O1c2c(C(=O)CC1c1cc(CC=C(C)C)c(O)cc1)c(O)cc(O)c2CC=C(C)CN869 MA 0.07
Structure Smiles ID Hit_Status Consensus_score
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racemate
O
S&1 O
OH OH
OH
racemate
OS
&1
O OH
OH
OH
O1c2c(C(=O)CC1c1cc(CC=C(C)C)c(O)cc1)c(O)cc(O)c2CC=C(C)CN869 MA 0.07
unknown chirality
O
OHOH
?
O
?
O(C)c1cc(O)c(C(=O)CCc2ccccc2)c(O)c1C1C=C(CCC1C(C)C)CN693 MA 0.07
unknown chirality
O
?
OH
?
?
?
?
O
?
?
??
OHOH
O
OH
OC1CC2(C3CC=C4C(CC(O)C(=O)C4(C)C)C3(C)C(=O)CC2(C)C1C(O)(C(=O)C=CC(O)(C)C)C)CN811 MA 0.07
O
OH
O
OH
O
OH O1c2c(C=CC1(C)C)c(O)c1c(Oc3c(c(CC=C(C)C)c(O)c(O)c3CC=C(C)C)C1=O)c2N719 MA 0.07
O
OH
O
O
O
OH
O1c2c(C=CC1(C)C)c(O)c1c(Oc3c(c(CC=C(C)C)c(OC)c(O)c3)C1=O)c2N731 MA 0.07
racemate
O
S&1
OH
O
O
O
OH
O1c2cc(O)ccc2C=2Oc3c(c(O)c(C=CC(C)C)c(OC)c3)C(=O)C=2C1C=C(C)CN890 MA 0.07
Structure Smiles ID Hit_Status Consensus_score
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O
OH
O
O
O
OH
racemate
O
S&1
OH
O
O
O
OH
O1c2cc(O)ccc2C=2Oc3c(c(O)c(C=CC(C)C)c(OC)c3)C(=O)C=2C1C=C(C)CN890 MA 0.07
racemate
O
OHO
O S&1
OH
OH
OH
O1c2c(CC(O)C1(C)C)c1c(Oc3c(c(O)c(CC=C(C)C)c(O)c3)C1=O)c(CC=C(C)C)c2ON718 MA 0.07
unknown chirality
O
S
abs?
R
abs
?S
abs
S
abs S
abs
S
absR
abs
?
OH O[C@H]1CC[C@]2([C@@H](CC[C@@]3([C@@H]2CC[C@@H]2[C@@H]4[C@@](CC[C@]23C)(CC[C@H]4C(C=O)=C)C)C)C1(C)C)CN789 MA 0.07
unknown chirality
O
O
?
RabsSabs
O
O
S
abs OH
OH
SabsOH
OH
O
OH
OH
OH
OH
O1[C@@H]2[C@H](O[C@@H](CO)[C@H](O)[C@H]2OC(=O)c2cc(O)c(O)c(O)c2)c2c(cc(O)c(O)c2O)C1=ON844 MA 0.07
O
O
OH O
OH
OH
OH O1c2c(C(=O)C(CC=C(C)C)=C1c1cc(O)c(O)cc1O)c(O)cc1OC(C=Cc12)(C)CN749 MA 0.07
unknown chirality
O
N
?
?
N
?
O
ONH
O
?
NH
O?N
?
O
O1C2C(N(CC2)C(=O)C(NC(=O)C(N(C)C)C(CC)C)CC(C)C)C(=O)N2C(CCC2)C(=O)NC=Cc2cc1ccc2OCN751 MA 0.07
Structure Smiles ID Hit_Status Consensus_score
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O
O
OH O
OH
OH
OH
unknown chirality
O
N
?
?
N
?
O
ONH
O
?
NH
O?N
?
O
O1C2C(N(CC2)C(=O)C(NC(=O)C(N(C)C)C(CC)C)CC(C)C)C(=O)N2C(CCC2)C(=O)NC=Cc2cc1ccc2OCN751 MA 0.07
unknown chirality
O N
OH
NH
O
?
O
?
?
OH ?
?
OH
OH
OH
O1C(CO)C(O)C(O)C(O)C1OCC(=CC)C=1C=C2N(CCc3c2[nH]c2c3cccc2)C(=O)C=1CON885 MA 0.07
unknown chirality
O
?
?
??
?O
?
O
?
O
O
o1cc(cc1)C1C2(C(=CC1=O)C1(C(CC2)C2(C(CC1OC(=O)C)C(C)(C)C(=O)C=C2)C)C)CN750 MA 0.07
unknown chiralityO
O
?
?
?
N
OH
OH
O
O1C2CC3N(C(C2)c2cc(O)c(OC)cc2-c2cc(C=CC1=O)ccc2O)CCCC3N768 MA 0.07
unknown chirality
O
?
?
O ?
?
? OH
?
OH
OH
S
abs
OH
Rabs
NN
H
O1C(CO)C(O)C(O)C(O)C1O[C@@H]1C[C@H](C2=C(C=C3N(CCc4c3[nH]c3c4cccc3)C2=C)[C@H]1C=C)CN823 MA 0.07
unknown chirality
O
ORabs
R
abs
S
abs
S
abs
OH
O
S
abs
R
abs
R
abs
R
abs
?
?
OOH
OH
O1CC([C@@H]2C[C@]3([C@@]4(O[C@@H]4[C@]12O)[C@H](OC(=O)[C@@H]([C@H](O)C(=CC(CCCCCC)CO)C)C)CC[C@@H]3C)C)=CN715 MA -0.07
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
?
?
O ?
?
? OH
?
OH
OH
S
abs
OH
Rabs
NN
H
unknown chirality
O
ORabs
R
abs
S
abs
S
abs
OH
O
S
abs
R
abs
R
abs
R
abs
?
?
OOH
OH
O1CC([C@@H]2C[C@]3([C@@]4(O[C@@H]4[C@]12O)[C@H](OC(=O)[C@@H]([C@H](O)C(=CC(CCCCCC)CO)C)C)CC[C@@H]3C)C)=CN715 MA -0.07
unknown chirality
O O
? R
abs
S
abs
?
Sabs
Sabs S
abs
R
abs OHR
abs
R
abs
O1O[C@@]23[C@@H]4CC[C@H]([C@@H](C=C[C@@H](C(C)C)C)C)[C@]4(CC[C@@H]2[C@@]2([C@]1(C[C@@H](O)CC2)C=C3)C)CN744 MA -0.07
unknown chirality
O
OH
??
?
?
?
??
?
?
O
OC(=O)C12C(C3CCC4C(CCC5C4(C)C(=CC5(C)C)C=O)(C)C3(CC1)C)C(CC2)C(C)=CN758 MA -0.07
unknown chiralityOH
?
R
abs
Sabs
S
abs
S
abs
S
abs
?
? S
abs
R
abs
OH
O[C@H]1CC[C@]2([C@@H](CC[C@@]3([C@@H]2CC[C@@H]2[C@@H]4[C@@](CC[C@]23C)(CC[C@H]4C(C)C)CO)C)C1(C)C)CN787 MA -0.07
unknown chirality
ON
?
?
?
?
?
?
?
?
? N
H
O=C(N(C)C1CC2CCC3C4CCC(C(NC)C)C4(CCC3C2(CC1)C)C)c1ccccc1N760 MA -0.07
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
ON
?
?
?
?
?
?
?
?
? N
H
unknown chirality
O
Rabs
S
abs
R
abs
Rabs
O
Rabs
S
absO
O
R
abs
O
?
O
O
o1cc(cc1)[C@H]1[C@]2(C(=CC1=O)[C@]1([C@H](CC2)[C@@]2([C@@H]([C@@H](OC(=O)C)[C@H]1OC(=O)C)C(C)(C)C(=O)C=C2)C)C)CN700 MA -0.07
unknown chirality
O
?
?
?
?
O
O
O?
O
OH
?
?OO
O
O1C(C2(CCC(C3(C=CC(=O)C(C)(C)C3C(OC(=O)C)C(OC)=O)C)C(=C)C2(O)CC1=O)C)c1ccoc1N721 MA -0.07
unknown chiralityO
?
?
? ?
?? O
?
O
O
? ?
O
?
O
O O
O O1C(C2(C3(OC3C1=O)C1(C(C3(C(CC1OC(=O)C)C(C)(C)C(=O)C=C3)C)C(OC(=O)C)C2)C)C)c1ccoc1N70 MA -0.07
unknown chirality
O
O
?
O
OHO?
?
OH
?
OH
?OH
OH
OH
O
OH
?
O
?
?
OH ? ?
OH
OH
O1C(COC2OC(C)C(O)C(O)C2O)C(O)C(O)C(O)C1OC1=C(Oc2c(C1=O)c(O)cc(O)c2)c1cc(O)c(O)cc1N785 MA -0.07
unknown chirality
S
N
NH
O
N
H
O
?
?
N
?O
S
N
?
?
S
NH
O
S1C2=NC(C1)C(=O)NC(C=1OC(C(N=1)C(=O)NCc1scc(n1)C(=O)NC2CCSC)C)Cc1ccccc1N747 MA -0.07
unknown chirality
O
O
?
NO
?O ?
O
?
N
O
?N
H
O
?
N
H
O
?N
?O
?
O
O(C(C(CC)C)C(=O)N1CCCC1C(OC)=O)C(=O)C(N(C(=O)C(NC(=O)C(NC(=O)C(N(C(=O)CCCC(OC)CCCC#C)C)C(CC)C)C(C)C)C(C)C)C)C(C)CN706 MA -0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
S
N
NH
O
N
H
O
?
?
N
?O
S
N
?
?
S
NH
O
unknown chirality
O
O
?
NO
?O ?
O
?
N
O
?N
H
O
?
N
H
O
?N
?O
?
O
O(C(C(CC)C)C(=O)N1CCCC1C(OC)=O)C(=O)C(N(C(=O)C(NC(=O)C(NC(=O)C(N(C(=O)CCCC(OC)CCCC#C)C)C(CC)C)C(C)C)C(C)C)C)C(C)CN706 MA -0.20
unknown chirality
O
N?
?N
O
N
O
?
?N O
N 2HO
?
O=C(N(C(C(C)C)C(=O)N(C(C(C)C)C(=O)N(C(C(C)C)C(=O)N(C(Cc1ccccc1)C(=O)N)C)C)C)C)C(CCCCC#C)CN809 MA -0.20
unknown chirality
O
N?
?N O
N 2HO
?
N
H
O
?
O
N
O
?
O(C)c1ccc(cc1)CC(N(C(=O)C(N(C(=O)C(NC(=O)C(N(C(=O)C(CCCCC#C)C)C)Cc1ccccc1)C)C)C)C)C(=O)NN725 MA -0.20
unknown chirality
O
O ?
O
?
?
OH
?
O
?
OH
O ?
O
?
?
O
?
?
O
O
O
O
O O1C(C)C(OC(=O)C)C(OC(=O)C)C(OC(=O)C)C1OC1C(O)C(O)C(OC1OCCCCCCCCCCCCCCCC)COC(=O)CCCCCCCCCCCCCCCN836 MA -0.20
unknown chirality
O
O?
Sabs Rabs
R
abs
S
abs
S
abs
Sabs
?
O
O
Sabs
OH
O
O
O
O1[C@@H](OC(=O)C)C=2[C@]3([C@H](C[C@H](OC(=O)C(CC)C)C=2)[C@](CC=C(C=C)C)(C)[C@H](C[C@H]3O)C)C1OC(=O)CN716 MA -0.20
unknown chirality
O
O
?
?
?
?
O
O
OH
?
OH
?
?
?
??
?
O
OH
O(C(=O)c1cc(OC)c(O)cc1)C1C(C(O)=O)C2(C(CCC3(C2CCC2C4C(CCC23C)(CCC4C(C)=C)C(O)=O)C)C1(C)C)CN704 MA -0.20
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
O?
Sabs Rabs
R
abs
S
abs
S
abs
Sabs
?
O
O
Sabs
OH
O
O
O
unknown chirality
O
O
?
?
?
?
O
O
OH
?
OH
?
?
?
??
?
O
OH
O(C(=O)c1cc(OC)c(O)cc1)C1C(C(O)=O)C2(C(CCC3(C2CCC2C4C(CCC23C)(CCC4C(C)=C)C(O)=O)C)C1(C)C)CN704 MA -0.20
unknown chirality
O O
OH
OOH
OH
OH
OH
O
OH
O OH
OH
OH
OH
O
OH
OH
O1c2c-3c(c(-c4c(O)c(O)c(O)cc4C(O)=O)c(O)c2O)C(Oc2c-3c(c(-c3c(O)c(O)c(O)cc3C(O)=O)c(O)c2O)C1=O)=ON803 MA -0.20
unknown chirality O
?
O?
?
?
NN
H
O
? ?
? O
OH
?
?
? N
N
O1CC2C(CC3N(C2Cc2c3n(c3c2cccc3)C)C)C(Cc2cc3c4CC5N(C(CC6C5COC=C6C(=O)C)c4[nH]c3cc2OC)C)C1(O)C863 MA -0.20
racemate
O
O
N
H
&1 O
N
H
O
O
O
M
O1c2c3c4c(NCCc4cc2OC1)c(c1cc(OC)ccc13)-c1c2cc(OC)ccc2c2c3c1NCCc3cc1OCOc12N81 MA -0.20
unknown chiralityO O ?
S
abs S
abs
Sabs
R
abs
OH ?
O
?
?
?
OH
S
abs
?
O
R
abs
O
R
abs
S
abs
OH
S
abs
?O
O
OH
R
abs
O
R
abs
R
abs
OH
S
abs
R
abs
O
O
OH
?
O
S
abs
R
abs
OH
R
abs
R
abs
O
OH
OH O1[C@H](CO)[C@@H](O[C@@H]2O[C@H](CO)[C@@H](O)[C@@H](OC)[C@H]2O)[C@@H](OC)[C@@H](O)[C@@H]1O[C@H]1[C@@H](OC)[C@@H](O)[C@@H](O[C@@H]1CO)O[C@@H]1CC2=CC(O)C3C(C[C@@H](OC(C)c4ccccc4)[C@]4(C)[C@H](CC[C@]34O)C(OC(=O)C)C)[C@]2(CC1)CN757 MA -0.20
unknown chiralityO O ?
S
abs S
abs
Sabs
R
abs
OH ?
O
?
?
S
abs
?
O
R
abs
O
R
abs
S
abs
OH
S
abs
?O
O
OH
R
abs
O
R
abs
R
abs
OH
S
abs
R
abs
O
O
OH
?
O
S
abs
R
abs
OH
R
abs
R
abs
O
OH
OH O1[C@H](CO)[C@@H](O[C@@H]2O[C@H](CO)[C@@H](O)[C@@H](OC)[C@H]2O)[C@@H](OC)[C@@H](O)[C@@H]1O[C@H]1[C@@H](OC)[C@@H](O)[C@@H](O[C@@H]1CO)O[C@@H]1CC2=CCC3C(C[C@@H](OC(C)c4ccccc4)[C@]4(C)[C@H](CC[C@]34O)C(OC(=O)C)C)[C@]2(CC1)CN799 MA -0.20
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unknown chiralityO O ?
S
abs S
abs
Sabs
R
abs
OH ?
O
?
?
?
OH
S
abs
?
O
R
abs
O
R
abs
S
abs
OH
S
abs
?O
O
OH
R
abs
O
R
abs
R
abs
OH
S
abs
R
abs
O
O
OH
?
O
S
abs
R
abs
OH
R
abs
R
abs
O
OH
OH
unknown chiralityO O ?
S
abs S
abs
Sabs
R
abs
OH ?
O
?
?
S
abs
?
O
R
abs
O
R
abs
S
abs
OH
S
abs
?O
O
OH
R
abs
O
R
abs
R
abs
OH
S
abs
R
abs
O
O
OH
?
O
S
abs
R
abs
OH
R
abs
R
abs
O
OH
OH O1[C@H](CO)[C@@H](O[C@@H]2O[C@H](CO)[C@@H](O)[C@@H](OC)[C@H]2O)[C@@H](OC)[C@@H](O)[C@@H]1O[C@H]1[C@@H](OC)[C@@H](O)[C@@H](O[C@@H]1CO)O[C@@H]1CC2=CCC3C(C[C@@H](OC(C)c4ccccc4)[C@]4(C)[C@H](CC[C@]34O)C(OC(=O)C)C)[C@]2(CC1)CN799 MA -0.20
unk nown c h i ra l i tyO O ?
S
abs S
abs
Sabs
R
abs
OH ?
O
?
?
S
abs
Sabs
?
O
R
abs
O
R
abs
S
abs
OH
S
abs ?O
O
OH
R
abs
O
R
abs
R
abs
OH
S
abs
R
abs
O
O
OH
?
O
S
abs
R
abs
OH
S
abs R
abs
O
O
OH
? O
S
abs
R
absOH
R
abs
S
abs
OH OH
OH
O1[C@H](CO)[C@@H](O[C@@H]2O[C@H](CO)[C@@H](O[C@@H]3O[C@H](CO)[C@@H](O)[C@@H](O)[C@H]3O)[C@@H](OC)[C@H]2O)[C@@H](OC)[C@@H](O)[C@@H]1O[C@H]1[C@@H](OC)[C@@H](O)[C@@H](O[C@@H]1CO)O[C@@H]1C[C@@]2(C=CC3C(C[C@@H](OC(C)c4ccccc4)[C@]4(C)[C@H](CC[C@]34O)C(OC(=O)C)C)[C@]2(CC1)C)CN883 MA -0.20
unk nown c h i ra l i tyO O ?
S
abs S
abs
Sabs
R
abs
OH ?
O
?
?
S
abs
?
O
R
abs
O
R
abs
S
abs
OH
S
abs ?O
O
OH
R
abs
O
R
abs
R
abs
OH
S
abs
R
abs
O
O
OH
?
O
S
abs
R
abs
OH
S
abs R
abs
O
O
OH
? O
S
abs
R
absOH
R
abs
S
abs
OH OH
OH
O1[C@H](CO)[C@@H](O[C@@H]2O[C@H](CO)[C@@H](O[C@@H]3O[C@H](CO)[C@@H](O)[C@@H](O)[C@H]3O)[C@@H](OC)[C@H]2O)[C@@H](OC)[C@@H](O)[C@@H]1O[C@H]1[C@@H](OC)[C@@H](O)[C@@H](O[C@@H]1CO)O[C@@H]1CC2=CCC3C(C[C@@H](OC(C)c4ccccc4)[C@]4(C)[C@H](CC[C@]34O)C(OC(=O)C)C)[C@]2(CC1)CN802 MA -0.20
unknown chirality
O Rabs
Rabs
O
R
abs
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OH
Sabs
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OH
R
abs
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O
OH
?
O
S
abs
Sabs
Rabs
OH
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S
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OH
?
OH
OH
S
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R
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OH
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O
S
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?
?O?
O1[C@H](CO)[C@@H](O[C@@H]2O[C@H](CO)[C@@H](O[C@@H]3O[C@H](CO)[C@@H](O)[C@@H](O)[C@H]3O)[C@@H](OC)[C@H]2O)[C@@H](OC)[C@@H](O)[C@@H]1O[C@H]1[C@@H](OC)[C@@H](O)[C@@H](O[C@@H]1CO)O[C@@H]1CC2=CCC3C(C[C@@H](OC(C)c4ccccc4)[C@]4(C)[C@H](CC[C@]34O)C(OC(C)c3ccccc3)C)[C@]2(CC1)CN698 MA -0.20
unknown chirality
O
O ? ?
?
?
?
?
?
O
O
?
O
O
O
O
O1C(OC(=O)C)C23C(CC(OC(=O)CC(C)C)C=C2C1OC(=O)C)C(CCC(C=C)=C)(C)C(CC3OC)CN686 MA -0.33
unknown chirality
O
O
R
abs R
abs
OH
Rabs
R
abs
O
O
R
absS
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OH
?
OH
O1C=2C(C[C@@]3(C)[C@](O)(C=2)[C@H](OC(=O)[C@@H]([C@H](O)C(=CC(CCCCCC)CO)C)C)CC[C@@H]3C)=C(C)C1=ON680 MA -0.33
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
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O ? ?
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O
O
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unknown chirality
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R
abs R
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R
absS
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?
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O1C=2C(C[C@@]3(C)[C@](O)(C=2)[C@H](OC(=O)[C@@H]([C@H](O)C(=CC(CCCCCC)CO)C)C)CC[C@@H]3C)=C(C)C1=ON680 MA -0.33
this enantiomer
O
Rabs
ORabs
O
OR
abs
Rabs
OH
OH
OH
O1C=2[C@]3(C[C@@H](CC=C(C)C)C(C)(C)[C@@](CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)C[C@H](C=CC(O)(C)C)C1(C)CN654 MA -0.33
this enantiomer
O
Rabs
ORabs
O
OR
abs
Sabs
OH
OH
OH
O1C=2[C@]3(C[C@@H](CC=C(C)C)C(C)(C)[C@@](CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)C[C@H](CCC(O)(C)C)C1(C)CN655 MA -0.33
this enantiomer
ORabs
O
R
abs O
ORabs
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OH
OH O1C=2[C@]3(C[C@@H](CC=C(C)C)C(C)(C)[C@@](CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)C[C@H](CC=C(C)C)C1(C)CN651 MA -0.33
unknown chirality
O
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ORabs
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OH
OH
O1C=2[C@]3(C[C@@H](CC=C(C)C)C(C)(C)[C@@](CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)CC2CCC(C[C@@]12C)(C)CN652 MA -0.33
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
O
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O
OH
S
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OH
O O
O
O
OH
OH
O
O O(C(=O)C(C)C)C1(c2c(c(C)c(C(OC)=O)c(O)c2)C(=O)c2c1cccc2O)c1ccc2c(c1O)C(=O)c1c(cc(O)c(C(OC)=O)c1C)C2=ON820 MA -0.33
unknown chirality
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O
O(c1c2CC3N(CCc4c3c(-c2cc(OC)c1OC)c(OC)c(OC)c4OC)C)c1ccc(cc1)CC1N(CCc2c1cc(OC)c(OC)c2)CN798 MA -0.33
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O
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O
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O
O1c2c(C(=O)C(=C1c1ccc(O)cc1)c1c3OC(CC(=O)c3c(O)cc1O)c1ccc(OC)cc1)c(O)cc(OC)c2N733 MA -0.33
unknown chirality
OH ?
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Rabs
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N
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N
NH
O[C@@]12[C@@H]3N4[C@@H](C=CCCCC4)C[C@]34[C@@H](CCN(CCCCC=CCC1)C4)C(=C2)[C@H]1N(CCc2c1[nH]c1c2cccc1)CCc1nccc2c1[nH]c1c2cccc1N880 MA -0.33
unknown chirality
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?
?
?
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?
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O
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O
O1C(OC(=O)C)C23C(CC(OC(=O)CC(C)C)C=C2C1OC(=O)C)C(CC=C(C=C)C)(C)C(C)C(OC(=O)C)C3ON67 MA -0.47
unknown chirality
ORabs
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R
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O
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OH
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O1C=2[C@]3(C[C@@H](CC(O)C(O)(C)C)C(C)(C)[C@@](CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)C[C@H](CC=C(C)C)C1(C)CN656 MA -0.47
Structure Smiles ID Hit_Status Consensus_score
 
 
 
 
Page: 41
unknown chirality
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unknown chirality
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O1C=2[C@]3(C[C@@H](CC(O)C(O)(C)C)C(C)(C)[C@@](CC=C(C)C)(C(=O)C=2C(=O)c2cc(O)c(O)cc2)C3=O)C[C@H](CC=C(C)C)C1(C)CN656 MA -0.47
unknown chirality
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O
O
O
O O([C@@H]1[C@@H]2C=C(C)C(=O)[C@H](OC(=O)C)[C@H](OC(=O)C)C(CC=C(C)[C@@H](OC(=O)C)[C@@]2(OC(=O)C)[C@@H](OC(=O)C)[C@@H]1C)(C)C)c1ccccc1N664 MA -0.47
unknown chirality
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O
O(C(=O)C)C12C(C(OC(=O)c3ccccc3)C(C)C1OC(=O)C)C(O)C(C)=C(OC(=O)C)C(OC(=O)C)CC(OC(=O)C)C(CC=C(C)C2OC(=O)C)(C)CN703 MA -0.47
unknown chirality
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O1C(Cc2c(C1=O)c(O)c1c(c2)c(-c2c3c(c(O)c4c(CC(OC4=O)C)c3)c(O)cc2O)c(O)cc1O)CN796 MA -0.47
unknown chirality
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O
O(C(=O)C)C12C(C(OC(=O)c3ccccc3)C(C)C1O)C(O)C(C)=C(OC(=O)C)C(OC(=O)C)CC(OC(=O)C)C(CC=C(C)C2OC(=O)C)(C)CN717 MA -0.60
unknown chirality
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O1c2c(C(=O)C(C3C(Oc4c(C3=O)c(O)cc(O)c4)c3ccc(O)cc3)C1c1ccc(O)cc1)c(O)cc(O)c2N795 MA -0.60
Structure Smiles ID Hit_Status Consensus_score
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unknown chirality
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unknown chirality
O?
?
?
O OH
?
O
O
OH
OH
OH
OH
OH
O1c2c(C(=O)C(C3C(Oc4c(C3=O)c(O)cc(O)c4)c3ccc(O)cc3)C1c1ccc(O)cc1)c(O)cc(O)c2N795 MA -0.60
this enantiomer
O Sabs
Sabs
OOH
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O
O1c2c(C(=O)[C@H]([C@@H]1c1ccc(O)cc1)c1c3O[C@@H](CC(=O)c3c(O)cc1O)c1ccc(OC)cc1)c(O)cc(O)c2N734 MA -0.60
unknown chirality
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O
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?
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?
OHO
O
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O
O(C(=O)C)C12C(C=C(C)C(OC(=O)c3ccccc3)C(CC(OC(=O)C)C(C=CC(O)(C)C1O)(C)C)C)C(OC(=O)c1ccccc1)C(C)C2ON711 MA -0.73
unknown chirality
OOH
?
O
O
OH
O
O
O ?
O
OH
OH
?
O
O
O
O
?
O
OH
OH
O O
O(C(=O)C(CC)C)C1(c2c(c(C)c(C(OC)=O)c(O)c2)C(=O)c2c1ccc(C1(OC(=O)C(CC)C)c3c(c(C)c(C(OC)=O)c(O)c3)C(=O)c3c1cccc3O)c2O)c1ccc2c(c1O)C(=O)c1c(cc(O)c(C(OC)=O)c1C)C2=ON66 MA -0.87
Structure Smiles ID Hit_Status Consensus_score
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O
?
NH
? N
H
?
C1C=C=Cc2cc(CC3NCCc4ccc(cc43)Oc3cccc4CCNC1c43)ccc2NAA 27.7891971367332549.008697086220339-10.19754758094496547 0.86484 (max of 6)6 960; 292; 224; 67; 65; 64-0.2505184 0.2763690727.7891971367332549.008697086220339-10.197547580944965
O
?
?
NH
NH
O
C1C2NCCc3c2cccc3Oc2cc3C(Cc4cc(ccc4)Oc4ccc1cc4)NCCc3cc2NAA 40.6636591805140513.417807369764075-11. 266476267814 0.95618 (max of 10)10 960; 292; 225; 224; 223; 68; 67; 66; 47; 65-0. 509446 0.20430349 0. 636591805140513.417807369764075-11. 26647626781
O
?
NH
?
NH
O
C1C2NCCc3c2cccc3Oc2cccc3CCNC(Cc4cc(ccc4)Oc4ccc1cc4)c32NAA 39.7203718764291513.145527876602602-11.5631386911737595 0.94492 (max of 10)10 960; 292; 225; 224; 223; 68; 67; 47; 66; 64-0. 8 035 0.3013973239.7203718764291513.145527876602602-11.563138691173759
O
?
O
NH
O?NH
O
C1C2NCCc3cc4OCOc4c(Oc4cc5C(Cc6cc(ccc6)Oc6ccc1cc6)NCCc5cc4)c32NAA 42.7754395612451812.981787291787043- 3.2169593202 742966 0.91377 (max of 7)7 960; 292; 224; 223; 67; 64; 65-0.31639 0.2879047742.7754395612451812.981787291787043- 3.216959320237429
O
?
NH
?
NH
O
C1C2NCCc3ccc(cc32)Oc2cc(CC3NCCc4cccc(Oc5ccc1cc5)c43)ccc2NAA 43.1838681954942514.324365440070 63-12.6343446287638067 0.99693 (max of 10)10 960; 292; 225; 224; 223; 47; 64; 68; 65; 66-0. 16474620.2849781 43.1838681954942514.324365440070363-12.634344628763806
O
S
&1
NH
N
O
C1C2NCCc3cccc(Oc4cc5c(CCN=C5Cc5ccc(cc5)Oc5cc1ccc5)cc4)c32NAA 35.314011799169911.690808057906057-9.27 61989149033668 0.87118 (max of 7)7 960; 292; 224; 222; 64; 65; 67-0. 18413710.2133849935.314011799169911.690808057906057-9.27 619891490336
O N
H
S&1
NH
O
O
O
N
H
NH
O
O=C1CCC=CCCCOC(=O)CCNC(=O)C(Cc2c[nH]cc2)NC(=O)CN1NAA 0.5983216806772164-12. 688739076860-10.02810010093516658 0 -0.7134902 -0.69729380.5983216806772164-12. 6887390768601-10.028100100935166
S
?
NH
NH
O
NH
O
?
O
N
H
N
H
O
S
O
O=C1CCSCC2NC(=O)C(CSCCNC(=O)CNC2=O)NC(=O)CN1NAA 0.8504320913104814-16.569558531479984-10.62422986513207177 0.86577 1 1130 0.76866096 -0.42506080.8504320913104814-16.569558531479984-10.62422986513207
O
N
H S
&1
N
O
NH O
N
H
O
O=C1NCC(=O)NCC(=O)NCC(=O)N2CCCCC21NAA -0.4806937591723566-12.806795108343854-10.35477019397373782 0.80669 1 1517 0.6952697 -0.0012852317-0.4806937591723566-12.806795108343854-10.354770193973737
O
N
S
&1N
H
O
O
C1C2=NCCc3cc4Oc5ccc6CCNC(Cc7ccc(cc7)Oc7cc1ccc7)c6c5Oc4cc23NAA 34.418045952 87110.3923179842896-9.19477365742873222 0.87118 (max of 2)2 68; 223 -0.1856479 0.2239776834.418045952787110.3923179842896-9.194773657428732
O
? NH
?
N
H
O
O
C1C2NCCc3cc4Oc5ccc6CCNC(Cc7ccc(cc7)Oc7cc1ccc7)c6c5Oc4cc32NAA 41.07193808198315613.048415661300021- 1.87369809341690522 0.90233 (max of 9)9 960; 292; 64; 65; 66; 67; 225; 224; 222-0.251299230.2398862541.07193808198315613.048415661300021- 1.873698093416905
Structure Smiles ID pc1 pc2 pc3 Row-ID max of Nei... Neighbor C... Neighbor Neighbor An... Neighbor A... pc1 2 pc2 2 pc3 2
Unique Murcko scaffolds from natural products with in-vitro antiplasmodial activities
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O
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?
N
H
O
O
C1C2NCCc3cc4Oc5ccc6CCNC(Cc7ccc(cc7)Oc7cc1ccc7)c6c5Oc4cc32NAA 41.07193808198315613.048415661300021- 1.87369809341690522 0.90233 (max of 9)9 960; 292; 64; 65; 66; 67; 225; 224; 222-0.251299230.2398862541.07193808198315613.048415661300021- 1.873698093416905
O
?
NH
?
NH
O
C1C2NCCc3cccc(Oc4cc5C(Cc6ccc(cc6)Oc6cc1ccc6)NCCc5cc4)c32NAA 43.74296092552 12514.5510683128 3142-12.86 847968504382224 1 (max of 10)10 960; 292; 47; 64; 65; 66; 67; 68; 225; 223-0.31764 5 0.2522892743.74296092552112514.551068312853142-12.86 847968504382
O
?
NH
?
NH
O
C1C2NCCc3cccc(Oc4ccc(CC5NCCc6cccc(Oc7ccc1cc7)c65)cc4)c32NAA 44.426340124433771 .814834711281076- 3. 589142682168225 0.90587 (max of 7)7 960; 292; 64; 65; 67; 223; 224-0.218061860.2491589344.426340124433771 .814834711281076- 3. 5891426821682
O
N
H
N
H
O
N
H
O
O=C(CNC(=O)CNC(=O)CCc1ccccc1)NCCc1ccccc1NAA 6.506553592301545-13. 28265984430666-2.106520569822679243 0.89081 (max of 4)4 903; 826; 695; 1070.4265019 0.397045736.506553592301545-13. 28265984430666-2.106520569822679
O
O
S
&1
NH
O
N
H
O
O
O O
O
NH
O
O=C1OCC(=O)NCC(=O)OCC(=O)NCC(=O)OCC(=O)NC1Cc1ccccc1NAA 4.586503067575181-20.929213175180287-1 .465393489233291258 0 0.62799495 -0.0678065644.586503067575181-20.929213175180287-1 .465393489233291
O
?
NH
?
NH
O
C1C2NCCc3cccc(Oc4cc5C(Cc6cc(ccc6)Oc6ccc1cc6)NCCc5cc4)c32NAA 43.91847 7338268614.589658441482834- 2. 60 51291929662 0.99885 (max of 10)10 960; 47; 64; 65; 66; 67; 68; 223; 224; 225-0.2839058 0.2279899743.9184767338268614.589658441482834- 2. 60 5129192966
Structure Smiles ID pc1 pc2 pc3 Row-ID max of Nei... Neighbor C... Neighbor Neighbor An... Neighbor A... pc1 2 pc2 2 pc3 2
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Supplementary Information 4_1. Scaffold Tree of currently registered antimalarial drugs 
(CRAD). The Scaffold Tree is between Level 0 to Level 5. 
 
 
 
 
file:///Users/user/Desktop/PhD_Chemoinformatics_Natantim...
1 of 1 9/03/15 10:05 AM
Supplementary Information 4_2. Scaffold Tree of higly active 
natural products with in-vitro antiplasmodial activities (HA). 
The Scaffold Tree is between Level 0 to Level 12.
 
 
 
 
file:///Users/user/Desktop/PhD_Chemoinformatics_Natantim...
1 of 1 16/03/15 6:45 PM
Supplementary Information 4_3. Scaffold Tree of active natural products with in-vitro 
antiplasmodial activities (A). 
The Scaffold Tree is between Level 0 to Level 10.
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Supplementary Information 4_4. Scaffold Tree of moderately active natural 
products with in-vitro antiplasmodial activities (MA). 
The Scaffold Tree is between Level 0 to Level 10.
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Supplementary Information 4_5. Scaffold Tree of lowly active natural 
products with in-vitro antiplasmodial activities (LA). 
The Scaffold Tree is between Level 0 to Level 11.
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O
R
abs
VC_AD_3 Cc1ccc2c(c1)C(=O)CC[C@@H]2C VL_AD
O
R
abs
VC_NP_3 Cc1ccc2c(c1)C(=O)CC[C@@H]2C VL_NP
N
NH
VC_AD_6 Cc1nccc2c3ccccc3[nH]c21 VL_AD
N
NH
VC_NP_6 Cc1nccc2c3ccccc3[nH]c21 VL_NP
Structure ID Smiles Class
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N
NH
N
NH
VC_NP_6 Cc1nccc2c3ccccc3[nH]c21 VL_NP
OO
OH OH
OH
VC_AD_4 COC(=O)c1cc(O)c(O)c(O)c1 VL_AD
OO
OH OH
OH
VC_NP_4 COC(=O)c1cc(O)c(O)c(O)c1 VL_NP
Structure ID Smiles Class
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OO
OH OH
OH
Cl
O
O
O
VC_AD_1 COC1=CC(=O)C(Cl)=C(C)C1=O VL_AD
Cl
O
O
O
VC_NP_1 COC1=CC(=O)C(Cl)=C(C)C1=O VL_NP
O
O
OH
VC_AD_5 CC1=CC(=O)c2c(O)cccc2C1=O VL_AD
Structure ID Smiles Class
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O
O
OH
O
O
OH
VC_NP_5 CC1=CC(=O)c2c(O)cccc2C1=O VL_NP
Cl
?
? OHN2H
NH
N
N 2H
VC_AD_2 NCC(Cl)C(O)c1c[nH]c(N)n1 VL_AD
Cl
?
? OHN2H
NH
N
N 2H
VC_NP_2 NCC(Cl)C(O)c1c[nH]c(N)n1 VL_NP
?
?
VC_AD_7 C=C1CCC=C(C)CCC2C1CC2(C)C VL_AD
Structure ID Smiles Class
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Cl
?
? OHN2H
NH
N
N 2H
?
?
VC_AD_7 C=C1CCC=C(C)CCC2C1CC2(C)C VL_AD
?
?
VC_NP_7 C=C1CCC=C(C)CCC2C1CC2(C)C VL_NP
O
O
O
VC_AD_10 Cc1cc2cc(=O)cc3oc(C)cc(o1)c23 VL_AD
Structure ID Smiles Class
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O
O
O
O
O
O
VC_NP_11 Cc1cc2cc(=O)cc3oc(C)cc(o1)c23 VL_NP
O
O
S
abs
O
VC_AD_11 Cc1cc2c3c(cc(=O)cc-3o1)C[C@H](C)O2 VL_AD
O
O
S
abs
O
VC_NP_12 Cc1cc2c3c(cc(=O)cc-3o1)C[C@H](C)O2 VL_NP
Structure ID Smiles Class
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O
O
S
abs
O
O
?
??
R
abs?
VC_AD_8 CC1=CC(=O)C2C3[C@@H]1C2(C)CCC3C(C)CVL_AD
O
??
?
VC_AD_9 CC1=C2C(=O)C3CCC(C)C2(CC1)C3(C)C VL_AD
O
?
??
R
abs?
VC_NP_9 CC1=CC(=O)C2C3[C@@H]1C2(C)CCC3C(C)CVL_NP
O
??
?
VC_NP_10 CC1=C2C(=O)C3CCC(C)C2(CC1)C3(C)C VL_NP
Structure ID Smiles Class
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O
?
??
R
abs?
O
??
?
VC_NP_10 CC1=C2C(=O)C3CCC(C)C2(CC1)C3(C)C VL_NP
OH ?
?
VC_NP_8 CC1=CCCC(C)(O)C=CC(C(C)C)CC1 VL_NP
O
O
O
S
abs
OH
VC_AD_15 O=C1c2ccccc2C(=O)C2=C1CO[C@H](O)C2 VL_AD
Structure ID Smiles Class
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O
O
O
S
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OH
O
O
O
S
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OH
VC_NP_15 O=C1c2ccccc2C(=O)C2=C1CO[C@H](O)C2 VL_NP
O?
?OH
?
?
VC_AD_12 C=C(C)C1CCC2(C)C(=O)CCC(C)C2(O)C1 VL_AD
O?
?OH
?
?
VC_NP_13 C=C(C)C1CCC2(C)C(=O)CCC(C)C2(O)C1 VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 10
O?
?OH
?
?
OO
O
VC_AD_17 C=C(C)c1cc2c(o1)C(=O)c1ccccc1C2=O VL_AD
OO
O
VC_NP_17 C=C(C)c1cc2c(o1)C(=O)c1ccccc1C2=O VL_NP
OH
?
?
?
?
OH
VC_AD_13 CC(C)C1=CCC2(C)C(O)CCC(C)(O)C2C1 VL_AD
OH ?
?
?
OH
VC_AD_14 C=C1CCC(C(C)C)C=CC(C)(O)CCC1O VL_AD
Structure ID Smiles Class
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OH
?
?
?
?
OH
OH ?
?
?
OH
VC_AD_14 C=C1CCC(C(C)C)C=CC(C)(O)CCC1O VL_AD
OH
?
?
?
?
OH
VC_NP_14 CC(C)C1=CCC2(C)C(O)CCC(C)(O)C2C1 VL_NP
O
O
OH
VC_AD_20 CC(C)=CCC1=C(O)c2ccccc2C(=O)C1=O VL_AD
Structure ID Smiles Class
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O
O
OH
O
O
OH
VC_NP_20 CC(C)=CCC1=C(O)c2ccccc2C(=O)C1=O VL_NP
O
?
?
?
O
?
O
VC_AD_18 C=C1C(=O)OC2C1CCC1(C)C=CC(=O)C(=C)C21VL_AD
O
?
?
?
O
?
O
VC_NP_18 C=C1C(=O)OC2C1CCC1(C)C=CC(=O)C(=C)C21VL_NP
Structure ID Smiles Class
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O
?
?
?
O
?
O
N
NH
VC_AD_26 Cc1c2[nH]c3ccccc3c2c(C)c2cnccc12 VL_AD
N
NH
VC_NP_26 Cc1c2[nH]c3ccccc3c2c(C)c2cnccc12 VL_NP
O
?
?
VC_AD_16 CC(=O)C1=C2C(C)(C)C3CCC2(C3)C(C)(C)CC1VL_AD
O
?
?
VC_NP_16 CC(=O)C1=C2C(C)(C)C3CCC2(C3)C(C)(C)CC1VL_NP
Structure ID Smiles Class
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O
?
?
O
?
?
VC_NP_16 CC(=O)C1=C2C(C)(C)C3CCC2(C3)C(C)(C)CC1VL_NP
O
N
O
O
O
VC_AD_29 COc1cc2nc3occc3c(OC)c2cc1OC VL_AD
O
N
O
O
O
VC_NP_29 COc1cc2nc3occc3c(OC)c2cc1OC VL_NP
Structure ID Smiles Class
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O
N
O
O
O
O
NH
N
S&1
VC_AD_40 CN1c2ccccc2C2Nc3ccccc3C(=O)C=C21 VL_AD
O
NH
N
S&1
VC_NP_40 CN1c2ccccc2C2Nc3ccccc3C(=O)C=C21 VL_NP
O
O
??
?
? O
?
O
?
VC_AD_25 C=C1C(=O)OC2CC3(C)OC3CCC3(C)OC3CC12VL_AD
Structure ID Smiles Class
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O
O
??
?
? O
?
O
?
O
O ?
?
?
OH
?
OH
VC_AD_21 C=C1C(=O)OC2C=C(C)C(O)CCC(C)=CC(O)C12VL_AD
O
O
??
?
? O
?
O
?
VC_NP_25 C=C1C(=O)OC2CC3(C)OC3CCC3(C)OC3CC12VL_NP
O
O ?
?
?
OH
?
OH
VC_NP_21 C=C1C(=O)OC2CC(=C)C(O)CCC(C)=CC(O)C12VL_NP
O
O
?
?
?
OH
NH
O
VC_AD_23 COc1ccc(CC2NCC(O)C2OC(C)=O)cc1 VL_AD
Structure ID Smiles Class
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O
O ?
?
?
OH
?
OH
O
O
?
?
?
OH
NH
O
VC_AD_23 COc1ccc(CC2NCC(O)C2OC(C)=O)cc1 VL_AD
O
O
?
?
?
OH
NH
O
VC_NP_23 COc1ccc(CC2NCC(O)C2OC(C)=O)cc1 VL_NP
O
?
R
abs
O?
O
OH
VC_AD_22 CC(=CCO)C1CC2C(C)(C)C(=O)C=C[C@]2(C)OO1VL_AD
Structure ID Smiles Class
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O
?
R
abs
O?
O
OH
O
?
S
abs
?
O
OH
?
O
VC_AD_27 CC(C)C12CCC(C)(OO1)C1=C([C@@H](C)CC1=O)C2OVL_AD
O
?
?
O
OH
? O
?
?
VC_AD_28 CC(C)C1CCC2(C)CC3OOC12C(O)C=C3C=O VL_AD
O
?
R
abs
O?
O
OH
VC_NP_22 CC(=CCO)C1CC2C(C)(C)C(=O)C=C[C@]2(C)OO1VL_NP
Structure ID Smiles Class
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O
?
R
abs
O?
O
OH
O
?
S
abs
?
O
OH
?
O
VC_NP_27 CC(C)C12CCC(C)(OO1)C1=C([C@@H](C)CC1=O)C2OVL_NP
O
?
?
O
OH
? O
?
?
VC_NP_28 CC(C)C1CCC2(C)CC3OOC12C(O)C=C3C=O VL_NP
O
O
OHO
VC_AD_33 COc1cc(O)c2c(=O)cc(-c3ccccc3)oc2c1 VL_AD
O
O
OHO
VC_NP_33 COc1cc(O)c2c(=O)cc(-c3ccccc3)oc2c1 VL_NP
Structure ID Smiles Class
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O
O
OHO
O
O
OHO
VC_NP_33 COc1cc(O)c2c(=O)cc(-c3ccccc3)oc2c1 VL_NP
O OHOH
O
OH
VC_AD_34 Cc1cc(O)c2c(c1)C(=O)c1cc(O)cc(O)c1C2=O VL_AD
O
O
OH
OH
OH
VC_AD_35 O=c1c(-c2ccc(O)cc2)coc2cc(O)cc(O)c21 VL_AD
Structure ID Smiles Class
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O
O
OH
OH
OH
O OHOH
O
OH
VC_NP_34 Cc1cc(O)c2c(c1)C(=O)c1cc(O)cc(O)c1C2=O VL_NP
O
O
OH
OH
OH
VC_NP_35 O=c1c(-c2ccc(O)cc2)coc2cc(O)cc(O)c21 VL_NP
O
O
O O
VC_AD_31 CC(C)=CCOc1c2ccoc2cc2oc(=O)ccc21 VL_AD
Structure ID Smiles Class
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O
O
O O
O
O
O O
VC_NP_31 CC(C)=CCOc1c2ccoc2cc2oc(=O)ccc21 VL_NP
O
OH
N
NH
O
VC_AD_36 COc1ccc2c(c1)[nH]c1c2ccnc1CCC(=O)O VL_AD
O
OH
N
NH
O
VC_NP_36 COc1ccc2c(c1)[nH]c1c2ccnc1CCC(=O)O VL_NP
O?
?
?
?
?
?
?
?
O
VC_AD_37 CC1CC2CC(C)C3CCC(=O)C4CCC(C1=O)C2C43VL_AD
Structure ID Smiles Class
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O
OH
N
NH
O
O?
?
?
?
?
?
?
?
O
VC_AD_37 CC1CC2CC(C)C3CCC(=O)C4CCC(C1=O)C2C43VL_AD
O?
?
?
?
?
?
?
?
O
VC_NP_37 CC1CC2CC(C)C3CCC(=O)C4CCC(C1=O)C2C43VL_NP
O
NO
O
VC_AD_43 O=C1c2ccccc2-c2c3c(cc4ccnc1c42)OCO3 VL_AD
Structure ID Smiles Class
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O
NO
O
O
NO
O
VC_NP_43 O=C1c2ccccc2-c2c3c(cc4ccnc1c42)OCO3 VL_NP
O
O
N
VC_AD_42 CN1CCc2cc3c(c4c5ccccc5cc1c24)OCO3 VL_AD
O
O
N
VC_NP_42 CN1CCc2cc3c(c4c5ccccc5cc1c24)OCO3 VL_NP
Structure ID Smiles Class
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O
O
N
O?
?
NH
?
?
?
?
N
H
?
O
VC_AD_39 COC1CNC2C3CCCCC3C(=O)C3NCCC1C32 VL_AD
O?
?
NH
?
?
?
?
N
H
?
O
VC_NP_39 COC1CNC2C3CCCCC3C(=O)C3NCCC1C32 VL_NP
OO
?
?
?
O
?
?
O?
O
?
VC_AD_38 CC1CCC2C(C)C(=O)OC3OC4(C)CCC1C23OO4VL_AD
OO
?
?
?
O
?
?
O?
O
?
VC_NP_38 CC1CCC2C(C)C(=O)OC3OC4(C)CCC1C23OO4VL_NP
Structure ID Smiles Class
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OO
?
?
?
O
?
?
O?
O
?
OO
?
?
?
O
?
?
O?
O
?
VC_NP_38 CC1CCC2C(C)C(=O)OC3OC4(C)CCC1C23OO4VL_NP
O
O
?
?
O
?
O
?
?
?
VC_AD_32 CCC1CC2(CC)OC(=O)C3(CC)OOC(CC)C1C23VL_AD
O
O
?
?
O
?
O
?
?
?
VC_NP_32 CCC1CC2(CC)OC(=O)C3(CC)OOC(CC)C1C23VL_NP
Structure ID Smiles Class
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O
O
?
?
O
?
O
?
?
?
O
O
OH
OH
O
VC_AD_44 COc1ccc(-c2coc3cc(O)ccc3c2=O)cc1O VL_AD
O
O
OH
OH
O
VC_NP_44 COc1ccc(-c2coc3cc(O)ccc3c2=O)cc1O VL_NP
O
NN
NH
VC_AD_56 O=c1c2ccccc2nc2c3[nH]c4ccccc4c3ccn12 VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 28
O
NN
NH
O
NN
NH
VC_NP_55 O=c1c2ccccc2nc2c3[nH]c4ccccc4c3ccn12 VL_NP
O
O
?
? ?
NOH
R
abs
OH
VC_AD_41 OC1C2c3cc4c(cc3CN3CCC(=C[C@@H]1O)C23)OCO4VL_AD
O
O
?
? ?
NOH
R
abs
OH
VC_NP_41 OC1C2c3cc4c(cc3CN3CCC(=C[C@@H]1O)C23)OCO4VL_NP
O
O
VC_AD_48 Cc1c2c(cc3c1C(=O)C=C(C(C)C)C3=O)C(C)(C)CCC2VL_AD
Structure ID Smiles Class
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O
O
?
? ?
NOH
R
abs
OH
O
O
VC_AD_48 Cc1c2c(cc3c1C(=O)C=C(C(C)C)C3=O)C(C)(C)CCC2VL_AD
O
O
VC_NP_48 Cc1c2c(cc3c1C(=O)C=C(C(C)C)C3=O)C(C)(C)CCC2VL_NP
N
?
?
?
?
R
abs
?
VC_AD_52 CC(C)=CC1=C2C3C(CCC(C)C3(C#N)CC[C@@H]2C)C(C)C1VL_AD
Structure ID Smiles Class
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N
?
?
?
?
R
abs
?
N
?
?
?
? ?
? ?
VC_AD_53 C=C(C)CC1CC(C)C2CCC(C)(C#N)C3CCC(=C)C1C23VL_AD
N
?
?
?
?
R
abs
?
VC_NP_51 CC(C)=CC1=C2C3C(CCC(C)C3(C#N)CC[C@@H]2C)C(C)C1VL_NP
N
?
?
?
? ?
? ?
VC_NP_52 C=C(C)CC1CC(C)C2CCC(C)(C#N)C3CCC(=C)C1C23VL_NP
Structure ID Smiles Class
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N
?
?
?
? ?
? ?
O
O
OH
OH
O
OH
VC_AD_50 COc1cc(C=C2Oc3cc(O)cc(O)c3C2=O)ccc1O VL_AD
O
O
O
O
O
O
VC_AD_51 COc1ccc2c(c1OC)C(=O)c1oc(C(C)=O)cc1C2=OVL_AD
O
O
OH
OH
O
OH
VC_NP_49 COc1cc(C=C2Oc3cc(O)cc(O)c3C2=O)ccc1O VL_NP
O
O
O
O
O
O
VC_NP_50 COc1ccc2c(c1OC)C(=O)c1oc(C(C)=O)cc1C2=OVL_NP
Structure ID Smiles Class
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O
O
OH
OH
O
OH
O
O
O
O
O
O
VC_NP_50 COc1ccc2c(c1OC)C(=O)c1oc(C(C)=O)cc1C2=OVL_NP
O
OHOH
O
O
VC_AD_62 COc1cc(O)c(C(=O)C=Cc2ccccc2)c(O)c1OC VL_AD
O
OHOH
O
O
VC_NP_60 COc1cc(O)c(C(=O)C=Cc2ccccc2)c(O)c1OC VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 33
O
OHOH
O
O
O
?
?OH
VC_AD_47 CC(C)c1cc2c(cc1O)C1(C)CCCC(C)(C)C1CC2=OVL_AD
O
?
?OH
VC_NP_47 CC(C)c1cc2c(cc1O)C1(C)CCCC(C)(C)C1CC2=OVL_NP
O
O
?
?
?
N?
O
?
?
O
VC_AD_61 COC1CC2N3CCC2(c2cc4c(cc2C3)OCO4)C2OC21VL_AD
Structure ID Smiles Class
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O
O
?
?
?
N?
O
?
?
O
O
O
?
?
?
N?
OH
?
O
VC_AD_55 CO[C@H]1C=CC23c4cc5c(cc4CN(CC2O)C3C1)OCO5VL_AD
O
O
?
?
?
N?
O
?
?
O
VC_NP_59 COC1CC2N3CCC2(c2cc4c(cc2C3)OCO4)C2OC21VL_NP
O
O
?
?
?
N?
OH
?
O
VC_NP_54 CO[C@H]1C=CC23c4cc5c(cc4CN(CC2O)C3C1)OCO5VL_NP
O
N
N
O
?
N
H
? OH
VC_AD_54 O=C(CC1NCCCC1O)Cn1cnc2ccccc2c1=O VL_AD
Structure ID Smiles Class
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O
O
?
?
?
N?
OH
?
O
O
N
N
O
?
N
H
? OH
VC_AD_54 O=C(CC1NCCCC1O)Cn1cnc2ccccc2c1=O VL_AD
O
N
N
?
O
OH?
?
NH
VC_AD_60 O=c1c2ccccc2ncn1CC1(O)CC2NCCCC2O1 VL_AD
O
N
N
O
?
N
H
? OH
VC_NP_53 O=C(CC1NCCCC1O)Cn1cnc2ccccc2c1=O VL_NP
Structure ID Smiles Class
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O
N
N
O
?
N
H
? OH
O
N
N
?
O
OH?
?
NH
VC_NP_58 O=c1c2ccccc2ncn1CC1(O)CC2NCCCC2O1 VL_NP
OH
OH
?
?
VC_AD_46 CC(C)c1c(O)c(O)cc2c1CCC1C(C)(C)CCCC21CVL_AD
OH
OH
?
?
VC_NP_46 CC(C)c1c(O)c(O)cc2c1CCC1C(C)(C)CCCC21CVL_NP
Structure ID Smiles Class
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OH
OH
?
?
OH?
?
?
?
?
?
OH
?
VC_AD_49 C=CC1=CCC2C(C1C)C(O)CC1C(C)(C)C(O)CCC21CVL_AD
OH
?
N?
?
?
? N
VC_AD_71 CC=C1CC2C3CC1C(CO)N2Cc1c2ccccc2n(C)c13VL_AD
OH
?
N?
?
?
? N
VC_NP_70 CC=C1CC2C3CC1C(CO)N2Cc1c2ccccc2n(C)c13VL_NP
O OH
O
OH
O
O
VC_AD_70 COC(=O)c1c(C)c2c(cc1O)C(=O)c1cccc(O)c1C2=OVL_AD
Structure ID Smiles Class
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OH
?
N?
?
?
? N
O OH
O
OH
O
O
VC_AD_70 COC(=O)c1c(C)c2c(cc1O)C(=O)c1cccc(O)c1C2=OVL_AD
O OH
O
OH
O
O
VC_NP_69 COC(=O)c1c(C)c2c(cc1O)C(=O)c1cccc(O)c1C2=OVL_NP
OH
OH
OH OH
VC_AD_63 CC(C)C=Cc1c(O)cc(C=Cc2ccc(O)cc2O)cc1O VL_AD
Structure ID Smiles Class
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OH
OH
OH OH
OH
OH
OH OH
VC_NP_61 CC(C)C=Cc1c(O)cc(C=Cc2ccc(O)cc2O)cc1O VL_NP
O
O?
O
?
O
?
?
VC_AD_57 CCC=CC(CC)CC1(C)CC(CC)C(CC(=O)OC)OO1VL_AD
Cl
?
?
ONH
O
?
?
O
OH
?
VC_AD_45 CC12OC(=O)C1(C(O)[C@@H]1C=CCCC1)NC(=O)C2CCClVL_AD
Structure ID Smiles Class
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Cl
?
?
ONH
O
?
?
O
OH
?
Cl
?
?
ONH
O
?
?
O
OH
?
VC_NP_45 CC12OC(=O)C1(C(O)[C@@H]1C=CCCC1)NC(=O)C2CCClVL_NP
OH
OH
S
abs
VC_AD_73 C=C[C@](C)(CCC=C(C)CCC=C(C)C)c1ccc(O)c(O)c1VL_AD
OH
OH
VC_AD_74 CC(C)=CCCC(C)=CCCC(C)=CCc1cc(O)ccc1O VL_AD
OH
OH
S
abs
VC_NP_72 C=C[C@](C)(CCC=C(C)CCC=C(C)C)c1ccc(O)c(O)c1VL_NP
Structure ID Smiles Class
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OH
OH
OH
OH
S
abs
VC_NP_72 C=C[C@](C)(CCC=C(C)CCC=C(C)C)c1ccc(O)c(O)c1VL_NP
OH
OH
VC_NP_73 CC(C)=CCCC(C)=CCCC(C)=CCc1cc(O)ccc1O VL_NP
N
NH
N
N
N
N
N2H
VC_AD_78 Nc1ncnc2c1ncn2Cc1nc2ccccc2c2cc[nH]c21 VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 42
N
NH
N
N
N
N
N2H
N
NH
N
N
N
N
N2H
VC_NP_78 Nc1ncnc2c1ncn2Cc1nc2ccccc2c2cc[nH]c21 VL_NP
O
OO
O
O
VC_AD_64 CC=CC(=O)c1c(OC)cc2cc(OC)cc(OC)c2c1OCVL_AD
O
OO
O
O
VC_NP_63 CC=CC(=O)c1c(OC)cc2cc(OC)cc(OC)c2c1OCVL_NP
Structure ID Smiles Class
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O
OO
O
O
O
O
?
O
O
?
O
OH
VC_AD_58 COC(=O)CC1(C)CC(CCCCCCCCC(=O)O)OO1 VL_AD
O
O
?
O
O
?
O
OH
VC_NP_56 COC(=O)CC1(C)CC(CCCCCCCCC(=O)O)OO1 VL_NP
O
?
? ?
?
?
?
O
OH
VC_AD_67 C=C1CC23CCC4C(C)(C)C(O)C(=O)CC4(C)C2CC1CC3=OVL_AD
O
?
? ?
?
?
?
O
OH
VC_NP_66 C=C1CC23CCC4C(C)(C)C(O)C(=O)CC4(C)C2CC1CC3=OVL_NP
Structure ID Smiles Class
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O
?
? ?
?
?
?
O
OH
O
?
? ?
?
?
?
O
OH
VC_NP_66 C=C1CC23CCC4C(C)(C)C(O)C(=O)CC4(C)C2CC1CC3=OVL_NP
O
O
R
&1
O
O
VC_AD_75 C[C@]12CCCc3coc(c31)C(=O)c1cc3c(cc12)C(=O)C=CC3=OVL_AD
O
O
R
&1
O
O
VC_NP_75 C[C@]12CCCc3coc(c31)C(=O)c1cc3c(cc12)C(=O)C=CC3=OVL_NP
Structure ID Smiles Class
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O
O
R
&1
O
O
O
?
?
?
?
?
?
OH
OH
VC_AD_68 CC1c2ccoc2CC2C1C(O)CC1(O)C(C)(C)CCCC21CVL_AD
O
?
?
?
?
?
?
OH
OH
VC_NP_67 CC1c2ccoc2CC2C1C(O)CC1(O)C(C)(C)CCCC21CVL_NP
OHR
abs
?
R
abs
R
abs
N2H
?
R
abs
S
abs
OH
S
abs
VC_NP_307 C=CC1=CC[C@@H]2[C@H]([C@H]1C)[C@H](O)C[C@H]1C(C)(C)[C@H](O)C[C@@H](N)[C@]21CVL_NP
Structure ID Smiles Class
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OHR
abs
?
R
abs
R
abs
N2H
?
R
abs
S
abs
OH
S
abs
O
O
?
?
?
OH
O
O
O
VC_NP_62 C=C1C(=O)OC2C=C(COC(C)=O)CCC(C=O)=CCC(O)C12VL_NP
O
O
O
R
abs
?
O
VC_AD_72 CCC1=C[C@@](CC)(CC(C=CC(C)=O)CC)OC1=CC(=O)OCVL_AD
O
O
O
R
abs
?
O
VC_NP_71 CCC1=C[C@@](CC)(CC(C=CC(C)=O)CC)OC1=CC(=O)OCVL_NP
OO
?
?
?
?
?
OH
VC_AD_66 CC(C)C12C=C3CCC4C(C)(CO)CCCC4(C)C3(CC1)OO2VL_AD
Structure ID Smiles Class
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O
O
O
R
abs
?
O
OO
?
?
?
?
?
OH
VC_AD_66 CC(C)C12C=C3CCC4C(C)(CO)CCCC4(C)C3(CC1)OO2VL_AD
OO
?
?
?
?
?
OH
VC_NP_65 CC(C)C12C=C3CCC4C(C)(CO)CCCC4(C)C3(CC1)OO2VL_NP
ON
O
O
N
O
VC_AD_84 COc1ccc2c(c1)c1nccc3c1c(c2OC)N(C)C(=O)C3=OVL_AD
Structure ID Smiles Class
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ON
O
O
N
O
ON
O
O
N
O
VC_NP_85 COc1ccc2c(c1)c1nccc3c1c(c2OC)N(C)C(=O)C3=OVL_NP
O
OH
O
OH
VC_AD_81 CC1(C)C=Cc2c(O)c(C(=O)C=Cc3ccc(O)cc3)ccc2O1VL_AD
O
OH
O
OH
VC_NP_82 CC1(C)C=Cc2c(O)c(C(=O)C=Cc3ccc(O)cc3)ccc2O1VL_NP
Structure ID Smiles Class
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O
OH
O
OH
OO
?NH
?
?
N
VC_AD_76 CC=C1CN2CCC34c5ccccc5NC3=C(C(=O)OC)C1CC24VL_AD
OO
?NH
?
?
N
VC_NP_76 CC=C1CN2CCC34c5ccccc5NC3=C(C(=O)OC)C1CC24VL_NP
O
O
?
?
?
?
?
?OH
VC_AD_65 CC(C)C1CCC23OOC2(CCC2C(C)(CO)CCCC23C)C1VL_AD
O
O
?
?
?
?
?
?OH
VC_NP_64 CC(C)C1CCC23OOC2(CCC2C(C)(CO)CCCC23C)C1VL_NP
Structure ID Smiles Class
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O
O
?
?
?
?
?
?OH
O
O
?
?
?
?
?
?OH
VC_NP_64 CC(C)C1CCC23OOC2(CCC2C(C)(CO)CCCC23C)C1VL_NP
O
S
abs
OH
O
OH
VC_AD_80 CC(C)=CCc1ccc2c(c1O)C(=O)C[C@@H](c1ccc(O)cc1)O2VL_AD
O
OH
OH
O
VC_NP_79 CC(C)=CCOc1cc(O)c2c(c1)Cc1cc(C)cc(O)c1C2=OVL_NP
Structure ID Smiles Class
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O
OH
OH
O
O
S
abs
OH
O
OH
VC_NP_81 CC(C)=CCc1ccc2c(c1O)C(=O)C[C@@H](c1ccc(O)cc1)O2VL_NP
N+
C-
?
? ?
?
?
?
?
N+
C-
VC_AD_82 [C-]#[N+]C(C)(C)CC1CC(C)C2CCC(C)C3([N+]#[C-])CCC(=C)C1C23VL_AD
N+
C-
?
?
?
?
?
?
?
?
?
?
N+
C-
VC_AD_83 [C-]#[N+]C1(C)CCC2C(C)CC3CC(C)C(C)([N+]#[C-])C4CCC1C2C34VL_AD
Structure ID Smiles Class
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N+
C-
?
?
?
?
?
?
?
?
?
?
N+
C-
N+
C-
?
? ?
?
?
?
?
N+
C-
VC_NP_83 [C-]#[N+]C(C)(C)CC1CC(C)C2CCC(C)C3([N+]#[C-])CCC(=C)C1C23VL_NP
N+
C-
?
?
?
?
?
?
?
?
?
?
N+
C-
VC_NP_84 [C-]#[N+]C1(C)CCC2C(C)CC3CC(C)C(C)([N+]#[C-])C4CCC1C2C34VL_NP
O
O
N
S
&1OH
O
VC_AD_77 COc1cc2c(cc1O)[C@@H]1Cc3ccc4c(c3CN1CC2)OCO4VL_AD
O
O
N
S
&1OH
O
VC_NP_77 COc1cc2c(cc1O)[C@@H]1Cc3ccc4c(c3CN1CC2)OCO4VL_NP
Structure ID Smiles Class
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O
O
N
S
&1OH
O
O
O
N
S
&1OH
O
VC_NP_77 COc1cc2c(cc1O)[C@@H]1Cc3ccc4c(c3CN1CC2)OCO4VL_NP
Br
N
HO
N
H
N
ONH
N2H
VC_AD_24 NC1=NC(=CCCNC(=O)c2cc(Br)c[nH]2)C(=O)N1VL_AD
Br
N
H
NH
O
NH
S
&1 O
N
H
N2H
VC_AD_30 N[C@@H]1NC(=O)C(=C2CCNC(=O)c3[nH]cc(Br)c32)N1VL_AD
Structure ID Smiles Class
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Br
N
H
NH
O
NH
S
&1 O
N
H
N2H
Br
N
HO
N
H
N
ONH
N2H
VC_NP_24 NC1=NC(=CCCNC(=O)c2cc(Br)c[nH]2)C(=O)N1VL_NP
Br
N
H
NH
O
NH
S
&1 O
N
H
N2H
VC_NP_30 N[C@@H]1NC(=O)C(=C2CCNC(=O)c3[nH]cc(Br)c32)N1VL_NP
O
O
OO
VC_AD_79 C=CC(C)(C)c1c2oc(=O)ccc2c(OC)c2c1OC(C)(C)C=C2VL_AD
Structure ID Smiles Class
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O
O
OO
O
O
OO
VC_NP_80 C=CC(C)(C)c1c2oc(=O)ccc2c(OC)c2c1OC(C)(C)C=C2VL_NP
O
N
O
OH
O
O
VC_AD_87 COc1c2ccoc2nc2c(O)c3c(c(CC=C(C)C)c12)OCO3VL_AD
O
N
O
OH
O
O
VC_NP_88 COc1c2ccoc2nc2c(O)c3c(c(CC=C(C)C)c12)OCO3VL_NP
O
O
S
abs
OH
N
H
O
VC_AD_85 COc1ccc2c(c1O)-c1c(OC)c(OC)cc3c1[C@H](C2)NCC3VL_AD
Structure ID Smiles Class
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O
N
O
OH
O
O
O
O
S
abs
OH
N
H
O
VC_AD_85 COc1ccc2c(c1O)-c1c(OC)c(OC)cc3c1[C@H](C2)NCC3VL_AD
O
O
S
abs
OH
N
H
O
VC_NP_86 COc1ccc2c(c1O)-c1c(OC)c(OC)cc3c1[C@H](C2)NCC3VL_NP
N+
R
absS
abs
Rabs
R
absS
abs
?
Rabs
?
NHSabs
S
abs
VC_AD_297 C#[N+][C@]1(C)[C@H](C)C[C@H]2C[C@H](C)[C@H]3CC[C@]4(C)NC[C@@]25[C@H]3[C@@H]4CC[C@H]15VL_AD
Structure ID Smiles Class
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N+
R
absS
abs
Rabs
R
absS
abs
?
Rabs
?
NHSabs
S
abs
N+
S
absS
abs
R
abs
S
absS
abs
?
R
abs
?
?
Sabs
S
abs
N 2H
VC_AD_294 C#[N+][C@@]1(C)[C@H](C)C[C@H]2C[C@H](C)[C@H]3CC[C@](C)(N)[C@@H]4[C@H](C)C[C@@H]1[C@H]2[C@H]34VL_AD
N+S
abs
R
abs
S
abs
S
abs
R
abs
?
??
R
abs
S
abs
N
H
VC_NP_305 C#[N+][C@@]1(C)[C@@H](C)C[C@@H]2C[C@H](C)[C@@H]3CC[C@@](C)(NC)[C@H]4CC[C@H]1[C@H]2[C@@H]34VL_NP
O
O
?
?
?
?
?
O
?
OH
VC_NP_74 C=C1C(=O)C23CC1(O)CCC2(C)C12CCCC(C)(C(=O)O1)C2CC3VL_NP
Structure ID Smiles Class
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O
O
?
?
?
?
?
O
?
OH
N+
S
abs
S
abs
R
abs
R
abs
?
?
? S
abs
Sabs
S
abs
N2H
S
abs
N 2H
VC_AD_295 C#[N+][C@@]1(C)CC[C@H]2[C@@H](C)C[C@@H]3[C@H](N)[C@H](C)[C@@](C)(N)[C@@H]4CC[C@@H]1[C@@H]2[C@H]43VL_AD
O
OH
?
?
?
NHO
?
OH
OH
VC_AD_86 COc1ccc2c(c1O)C13CCNC(C2)C1=C(OC)C(O)C(O)C3VL_AD
O
OH
?
?
?
NHO
?
OH
OH
VC_NP_87 COc1ccc2c(c1O)C13CCNC(C2)C1=C(OC)C(O)C(O)C3VL_NP
O
?
S
abs
O ?
O
OH
? ?
O
VC_AD_98 CC12CCC3[C@H]1C=C1C(=O)c4cc(O)ccc4C(=O)C1(O2)C3(C)C=OVL_AD
Structure ID Smiles Class
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O
OH
?
?
?
NHO
?
OH
OH
O
?
S
abs
O ?
O
OH
? ?
O
VC_AD_98 CC12CCC3[C@H]1C=C1C(=O)c4cc(O)ccc4C(=O)C1(O2)C3(C)C=OVL_AD
O
?
S
abs
O ?
O
OH
? ?
O
VC_NP_99 CC12CCC3[C@H]1C=C1C(=O)c4cc(O)ccc4C(=O)C1(O2)C3(C)C=OVL_NP
O
R
abs OH
OH
O
VC_AD_89 COc1ccc2c(c1O)CCc1cc(O)c(C)c3c1[C@H]2CC(C)(C)O3VL_AD
Structure ID Smiles Class
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O
R
abs OH
OH
O
O
R
abs OH
OH
O
VC_NP_90 COc1ccc2c(c1O)CCc1cc(O)c(C)c3c1[C@H]2CC(C)(C)O3VL_NP
O
N N
H
? N
?
?
NH
VC_AD_90 CCN(CC)C(=O)NC1CC2c3cccc4[nH]cc(c43)CC2N(C)C1VL_AD
O
N N
H
? N
?
?
NH
VC_NP_91 CCN(CC)C(=O)NC1CC2c3cccc4[nH]cc(c43)CC2N(C)C1VL_NP
Structure ID Smiles Class
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O
N N
H
? N
?
?
NH
N
?
S
abs
R
abs ?
?
S
abs
?
?N
VC_AD_293 C[C@@H]1[C@H]2CC[C@@H]3[C@H]4CC=C5C[C@H]6CC[C@@]5(CN6C)[C@H]4CC[C@@]32CN1CVL_AD
O
O
NS
absO
OH
VC_NP_93 COc1cc2c(cc1O)CCN1Cc3cc(OC)c(OC)cc3C[C@@H]21VL_NP
ON
H
?
?
?
?
?
?
?
?
?
?
N
VC_AD_91 CC1CC2CC(C)C(C)(C#N)C3CCC4C(C1CCC4(C)NC=O)C23VL_AD
ON
H
?
?
?
?
?
?
?
?
?
?
N
VC_NP_92 CC1CC2CC(C)C(C)(C#N)C3CCC4C(C1CCC4(C)NC=O)C23VL_NP
Structure ID Smiles Class
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ON
H
?
?
?
?
?
?
?
?
?
?
N
ON
H
?
?
?
?
?
?
?
?
?
?
N
VC_NP_92 CC1CC2CC(C)C(C)(C#N)C3CCC4C(C1CCC4(C)NC=O)C23VL_NP
N+
?
R
abs
R
abs?
R
abs
R
abs
R
abs
NH
R
absN 2H
VC_AD_300 C#[N+][C@]12CC(=N)C(=C)[C@@H]3[C@H](CC(C)(C)N)[C@H](C)[C@@H](C)[C@@H](CC[C@@H]1C)[C@@H]32VL_AD
O
NH
O
NH
NH
OH
VC_AD_110 O=C1NC(c2c[nH]c3ccc(O)cc23)=CC1=C1C(=O)Nc2ccccc21VL_AD
Structure ID Smiles Class
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O
NH
O
NH
NH
OH
O
NH
O
NH
NH
OH
VC_NP_112 O=C1NC(c2c[nH]c3ccc(O)cc23)=CC1=C1C(=O)Nc2ccccc21VL_ P
O
S
abs
S
abs
S
abs
?
N 2H
R
abs
?
R
abs
S
abs
N+
VC_AD_298 C#[N+]C(C)(C)[C@H](C)[C@@H]1C[C@H](C)[C@H]2CC[C@@H](C)[C@@]3(N)CC(=O)C(=C)[C@H]1[C@H]23VL_AD
N+
R
abs R
abs
R
abs
?
?S
abs
R
abs
S
abs
R
abs
R
abs
N+
N 2H
VC_NP_314 C#[N+][C@]1(C)C[C@@H](N)[C@@H](CC)[C@@H]2[C@H]3[C@@H](C)C[C@@H](C)[C@@](C)([N+]#C)[C@H]3CC[C@@H]21VL_NP
Structure ID Smiles Class
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N+
R
abs R
abs
R
abs
?
?S
abs
R
abs
S
abs
R
abs
R
abs
N+
N 2H
O
O ?
? ?
?
?
O
?
O
VC_AD_96 C=C1C(=O)C23CC1(OC)CCC2(C)C12CCCC(C)(C(=O)O1)C2CC3VL_AD
F
R
abs
?
NH
N+
R
abs
R
abs?
R
abs
S
abs
R
abs
N 2H
VC_AD_301 C#[N+][C@]12[C@@H](F)C(=N)C(=C)[C@@H]3[C@H](CC(C)(C)N)C[C@@H](C)[C@@H](CC[C@@H]1C)[C@@H]32VL_AD
OHSabs
S
abs
S
abs
R
abs
?
?
N+ S
abs
N 2H
N 2H
VC_AD_299 C#[N+][C@]12CCC(=C)[C@@H]3[C@H](CC(C)(C)N)C[C@](C)(O)[C@@H](CC[C@@H]1CN)[C@@H]32VL_AD
O
?
?
O
?
OH
?
O
O
O
VC_AD_92 C=C1C(=O)OC2C=C(C)C(=O)C=CC(C)(O)CC(OC(=O)C(C)C)C12VL_AD
Structure ID Smiles Class
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OHSabs
S
abs
S
abs
R
abs
?
?
N+ S
abs
N 2H
N 2H
O
?
?
O
?
OH
?
O
O
O
VC_AD_92 C=C1C(=O)OC2C=C(C)C(=O)C=CC(C)(O)CC(OC(=O)C(C)C)C12VL_AD
O ?
OH
?
?
?
?
?
?
OH
?
?
O
O
O
VC_AD_97 CC1=CC(=O)C(O)C2(C)C1CCC13COC4(C)C(OC(=O)C41)C(O)C32VL_AD
O
?
?
O
?
OH
?
O
O
O
VC_NP_94 C=C1C(=O)OC2C=C(C)C(=O)C=CC(C)(O)CC(OC(=O)C(C)C)C12VL_NP
Structure ID Smiles Class
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O
?
?
O
?
OH
?
O
O
O
OO
?
O?
?
N
N
VC_AD_105 COC(=O)C1=COC(C)C2Cn3ccc4c5ccccc5nc-4c3CC12VL_AD
OO
?
O?
?
N
N
VC_NP_107 COC(=O)C1=COC(C)C2Cn3ccc4c5ccccc5nc-4c3CC12VL_NP
O
O
?
O
?
?
?
?
O
VC_AD_88 COC(=O)C(=CCC1C2(CO2)CCC2C(C)(C)CCCC12C)C1CO1VL_AD
Structure ID Smiles Class
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O
O
?
O
?
?
?
?
O
O
O
?
O
?
?
?
?
O
VC_NP_89 COC(=O)C(=CCC1C2(CO2)CCC2C(C)(C)CCCC12C)C1CO1VL_NP
O ?
?
OH
?
VC_AD_111 CC1CCC2C(C1)c1c(O)cc(C=Cc3ccccc3)cc1OC2(C)CVL_AD
O ?
?
OH
?
VC_NP_113 CC1CCC2C(C1)c1c(O)cc(C=Cc3ccccc3)cc1OC2(C)CVL_NP
O
O
N
O
O
VC_AD_107 COc1cc2c(cc1OC)-c1ccc3cc4c(cc3c1N(C)C2)OCO4VL_AD
Structure ID Smiles Class
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O ?
?
OH
?
O
O
N
O
O
VC_AD_107 COc1cc2c(cc1OC)-c1ccc3cc4c(cc3c1N(C)C2)OCO4VL_AD
O
O
N
O
O
VC_NP_109 COc1cc2c(cc1OC)-c1ccc3cc4c(cc3c1N(C)C2)OCO4VL_NP
F
R
abs
S
abs
N
N 2H
R
abs
N
?
?
N
?
?
R
abs
?
S
abs
S
absR
abs
F
OH
VC_AD_443 C[C@@H]1C[C@H]2[C@H](C)[C@@H](O)[C@@H]3C4C5=C=NN=C5[C@H](F)[C@@H](N)[C@@]24N1[C@H](C)[C@@H]3FVL_AD
Structure ID Smiles Class
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F
R
abs
S
abs
N
N 2H
R
abs
N
?
?
N
?
?
R
abs
?
S
abs
S
absR
abs
F
OH
F
R
abs
R
abs
NH
N+R
abs?
S
abs
S
abs
S
absS
abs
OH
N 2H
VC_AD_305 C#[N+][C@@]1(CC)[C@@H](F)C(=N)C(=C)[C@@H]2[C@H](CC(C)(C)N)[C@@H](O)[C@@H](C)[C@@H](C)[C@@H]21VL_AD
OO
?
?
?
N?OH
?
NH
VC_AD_104 CC=C1CN2C3CC1C(CO)(C(=O)OC)C2Cc1c2ccccc2[nH]c13VL_AD
OO
?
O?
?
?
N
NH
VC_AD_106 COC(=O)C1=COC(C)C2CN3CCc4c5ccccc5[nH]c4C3CC12VL_AD
Structure ID Smiles Class
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OO
?
O?
?
?
N
NH
O
NH
?
?
?
N
O
O
VC_AD_114 CC=C1CN(C)C2Cc3c4ccccc4[nH]c3C(=O)CC1C2C(=O)OCVL_AD
OO
?
?
?
N?OH
?
NH
VC_NP_106 CC=C1CN2C3CC1C(CO)(C(=O)OC)C2Cc1c2ccccc2[nH]c13VL_NP
OO
?
O?
?
?
N
NH
VC_NP_108 COC(=O)C1=COC(C)C2CN3CCc4c5ccccc5[nH]c4C3CC12VL_NP
O
NH
?
?
?
N
O
O
VC_NP_116 CC=C1CN(C)C2Cc3c4ccccc4[nH]c3C(=O)CC1C2C(=O)OCVL_NP
Structure ID Smiles Class
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OO
?
O?
?
?
N
NH
O
NH
?
?
?
N
O
O
VC_NP_116 CC=C1CN(C)C2Cc3c4ccccc4[nH]c3C(=O)CC1C2C(=O)OCVL_NP
F
S
abs
?
NH
N+
Rabs
R
abs
R
abs
S
abs
F
Rabs
SabsR
abs
OH
R
abs
N 2H
VC_AD_317 C#[N+][C@@]12[C@H](F)C[C@]3(C[C@@H](C)N)[C@@H](C(=C)C(=N)[C@@H]1F)[C@@H]2[C@H](C)[C@H](C)[C@@H]3OVL_AD
F
S
abs
Rabs
R
abs
N2H
R
abs
?
?
OH
R
abs
S
abs
F
?
S
abs
N
N
N+
R
abs
F
VC_AD_394 C#[N+][C@@]1([C@@H](C)F)CC2=NN=C=C2C2[C@@H]1[C@@H]1C[C@@H](N)[C@@H](F)[C@@H]2[C@@H](O)[C@H]1FVL_AD
Structure ID Smiles Class
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F
S
abs
Rabs
R
abs
N2H
R
abs
?
?
OH
R
abs
S
abs
F
?
S
abs
N
N
N+
R
abs
F
OO
O
N
O
O
VC_AD_109 CN1CCc2cc3c(cc2C(=O)Cc2ccc4c(c2C1)OCO4)OCO3VL_AD
OO
O
N
O
O
VC_NP_111 CN1CCc2cc3c(cc2C(=O)Cc2ccc4c(c2C1)OCO4)OCO3VL_NP
O
S
abs
OH
OH
OO
VC_AD_112 COc1cc2cc3c(c(O)c2c2c1C=CC(C)(C)O2)C(=O)C[C@@](C)(O)C3VL_AD
Structure ID Smiles Class
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O
S
abs
OH
OH
OO
O
S
abs
OH
OH
OO
VC_NP_114 COc1cc2cc3c(c(O)c2c2c1C=CC(C)(C)O2)C(=O)C[C@@](C)(O)C3VL_NP
F
R
abs
R
absNH N+
R
abs
? S
absR
abs
S
abs
S
abs
F
N 2H
S
abs
OH
VC_AD_324 C#[N+][C@@]1(CCF)[C@@H](F)C(=N)/C(=C/[C@@H](C)N)[C@@H]2[C@H](C)[C@@H](O)[C@@H](C)[C@@H](C)[C@@H]21VL_AD
O O
?
? O
?
O
? O
VC_AD_95 CCC=C(C)C=CCCCC1(OC)CC(C)C(C(C)C(=O)OC)OO1VL_AD
O O
?
? O
?
O
? O
VC_NP_98 CCC=C(C)C=CCCCC1(OC)CC(C)C(C(C)C(=O)OC)OO1VL_NP
Structure ID Smiles Class
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O O
?
? O
?
O
? O
O O
?
? O
?
O
? O
VC_NP_98 CCC=C(C)C=CCCCC1(OC)CC(C)C(C(C)C(=O)OC)OO1VL_NP
OO
? O
?
O
?
?
VC_NP_97 CCC=CC(CC)CCCC1(CC)CC(CC)C(CC(=O)OC)OO1VL_NP
FRabs
Rabs
?
N 2H
R
abs
?
Rabs
OHSabs
?
F
?
Sabs
N N
N+
R
abs
F
VC_AD_397 C#[N+][C@](C)([C@@H](C)F)[C@@H]1C(C2=C=NN=C2)[C@H]2[C@@H](O)[C@@H](F)[C@H]1C[C@@H](N)[C@H]2FVL_AD
Structure ID Smiles Class
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FRabs
Rabs
?
N 2H
R
abs
?
Rabs
OHSabs
?
F
?
Sabs
N N
N+
R
abs
F
O
O O
S
&1 N
HO
O
VC_AD_108 COc1ccc2c(c1OC)C[C@@H]1NCCc3c(OC)c4c(c-2c31)OCO4VL_AD
O
O O
S
&1 N
HO
O
VC_NP_110 COc1ccc2c(c1OC)C[C@@H]1NCCc3c(OC)c4c(c-2c31)OCO4VL_NP
N+
R
absR
abs
R
abs
?
R
abs
R
abs
?
N 2H
R
abs
?
R
abs
S
abs
N+
VC_NP_311 C#[N+][C@]1(C)CC[C@@H]2[C@@H](C)C[C@@H]3[C@H]4[C@H]2[C@@H]1CC[C@]4(C)[C@](C)([N+]#C)[C@H](C)[C@H]3NVL_NP
Structure ID Smiles Class
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N+
R
absR
abs
R
abs
?
R
abs
R
abs
?
N 2H
R
abs
?
R
abs
S
abs
N+
N+
R
abs
?
R
abs
S
abs
?
R
abs
? S
abs
Sabs
S
abs
N+
R
abs
N 2H
VC_NP_312 C#[N+][C@]1(C)[C@H](C)[C@@H](N)[C@@H]2C[C@H](C)[C@H]3CC[C@@](C)([N+]#CC)[C@H]4CC[C@H]1[C@@H]2[C@@H]34VL_NP
N+ R
abs
?
R
abs
R
abs
S
abs
?
N 2H
R
abs
?
R
abs
R
abs
N+
R
abs
VC_NP_313 C#[N+][C@]1(C)[C@H](C)C[C@@H]2C[C@@H](C)[C@@H]3[C@H](N)C[C@@](CC)([N+]#C)[C@H]4CC[C@H]1[C@H]2[C@H]43VL_NP
N+
R
abs
R
abs
?
RabsR
abs
?
S
abs
N 2H
R
abs
? Rabs
S
absN+
R
abs
VC_NP_317 C#[N+][C@@]1(C)[C@H](C)C[C@@H]2[C@@H](C)[C@@H]3[C@@H]4[C@H]2[C@@H]1[C@@H](C)C[C@@H]4[C@](C)([N+]#CC)C[C@@H]3NVL_NP
O
S
abs
S
abs
R
abs
S
abs
N 2H
R
abs
N 2H
?
R
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VC_NP_315 C#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@H](C)[C@@H](N)[C@H]3C[C@@H](C)[C@@](C)([N+]#C)[C@H]4C[C@H](F)[C@H]1[C@H]2[C@@H]34VL_NP
OH R
abs
?
NH
N+ Rabs
?
R
abs
R
abs
S
abs
R
abs N2H
VC_AD_309 C#[N+][C@@H]1[C@@H](O)C(=N)/C(=C\C)[C@@H]2[C@H](CC(C)(C)N)[C@H](C)[C@H](C)[C@@H](CCCC)[C@@H]21VL_AD
N
?
??
?
?
??
?
?
N
VC_AD_122 CC(C1CCC2C3CCC4CC(N(C)C)CCC4(C)C3CCC12C)N(C)CVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 97
N
?
??
?
?
??
?
?
N
N
?
??
?
?
??
?
?
N
VC_NP_123 CC(C1CCC2C3CCC4CC(N(C)C)CCC4(C)C3CCC12C)N(C)CVL_NP
F
R
abs
Rabs
?
N2H
S
abs
?
?
OH
R
absR
abs
?
S
abs
N
N
N+
R
abs
F
OH
VC_AD_358 C[C@@H](F)[C@]1([N+]#CO)CC2=NN=C=C2C2[C@H]3[C@@H](O)[C@H]4C[C@@](N)(C=C[C@H]4[C@@H]21)[C@H]3FVL_AD
FR
abs
S
abs
N+
S
abs
S
abs
?
NH
?
?
OH
S
abs
N
R
abs
R
abs
?
N
OH
F
VC_AD_392 C[C@@H]1[C@H]2C=C[C@@H](F)[C@]3([N+]#CO)[C@H](C)C4=NN=C=C4C4[C@H]([C@@H](F)CN[C@@]423)[C@H]1OVL_AD
FS
abs
R
abs
?
F
S
abs
S
abs
?
N+
R
abs
R
abs
R
abs
R
abs
FF
S
abs
S
abs
OH
N2H
VC_AD_325 C#[N+][C@@]1([C@@H](C)F)[C@@H](F)[C@@H](F)C(=C)[C@@H]2[C@@H]3C[C@H](N)[C@H](F)[C@]21[C@H](C)[C@H](C)[C@@H]3OVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 98
FR
abs
S
abs
N+
S
abs
S
abs
?
NH
?
?
OH
S
abs
N
R
abs
R
abs
?
N
OH
F
FS
abs
R
abs
?
F
S
abs
S
abs
?
N+
R
abs
R
abs
R
abs
R
abs
FF
S
abs
S
abs
OH
N2H
VC_AD_325 C#[N+][C@@]1([C@@H](C)F)[C@@H](F)[C@@H](F)C(=C)[C@@H]2[C@@H]3C[C@H](N)[C@H](F)[C@]21[C@H](C)[C@H](C)[C@@H]3OVL_AD
F
S
abs
?
?
Rabs
S
abs
N+ NH
?
S
abs
R
abs
?
OH
R
abs?
F
NN
VC_AD_411 C#[N+][C@@H]1[C@H](C)C(F)=C[C@@H]2[C@H](C)[C@H](O)[C@@H]3C(C4=C=NN=C4C)[C@@]12N[C@H](C)[C@H]3FVL_AD
O
?
R
abs
R
abs
?
R
abs
R
abs
R
abs
N+
S
abs
?
S
abs
N 2H
OH
RabsN+
VC_NP_492 CC#[N+][C@H](C)C[C@@H]1[C@@H](CN)[C@H]2CO[C@H]3[C@H]2[C@H]1[C@H]([C@H](C)O)[C@](C)([N+]#CC)[C@@H]3CVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 99
O
?
R
abs
R
abs
?
R
abs
R
abs
R
abs
N+
S
abs
?
S
abs
N 2H
OH
RabsN+
F
S
abs S
abs
S
abs
R
abs ??
N+
R
abs
S
abs
N2H
B 2H
NH
F
VC_AD_307 BC#[N+][C@]12CC(=N)C(=C)[C@@H]3[C@H](C[C@](C)(N)CF)C[C@](C)(F)[C@@H](CC[C@@H]1C)[C@@H]32VL_AD
O
O ?
?
? ?
S
abs
?
O
?
O
OH
O
O
VC_AD_121 C=C1C(=O)OC2C1CC(O)C(C)(OC(=O)C(C)=CC)[C@]13C=C[C@](C)(OO1)C23VL_AD
O
?
OH?R
abs
?
?
??
O
OH
?
?
O
OH
O
VC_AD_131 C=C1C(O)C2(O)OCC34C2C2(C)C(O)C(=O)C=C(C)[C@@H]2CC3OC(=O)CC14VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 100
O
?
OH?R
abs
?
?
??
O
OH
?
?
O
OH
O
O
O ?
?
? ?
S
abs
?
O
?
O
OH
O
O
VC_NP_122 C=C1C(=O)OC2C1CC(O)C(C)(OC(=O)C(C)=CC)[C@]13C=C[C@](C)(OO1)C23VL_NP
O
?
OH?R
abs
?
?
??
O
OH
?
?
O
OH
O
VC_NP_132 C=C1C(O)C2(O)OCC34C2C2(C)C(O)C(=O)C=C(C)[C@@H]2CC3OC(=O)CC14VL_NP
F
R
abs
?
N
N+
S
abs
N
?
Sabs
N
?
N2H ?
S
abs
S
abs
S
abs
R
absR
abs
F
OH
VC_AD_444 C#[N+][C@@H]1[C@@H](F)C2=NN=C=C2[C@@]2(N)[C@@H]3[C@H](O)[C@@H](C)[C@H]4C[C@H](C)N([C@@H](C)[C@H]3F)[C@]412VL_AD
F
R
abs
?
NH
N+
R
abs
R
abs?
S
abs
S
abs
S
absS
abs
OH
N 2H
VC_AD_304 C#[N+][C@]12[C@@H](F)C(=N)/C(=C/C)[C@@H]3[C@H](CC(C)(C)N)[C@@H](O)[C@@H](C)[C@@H](CC[C@@H]1C)[C@@H]32VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 101
F
R
abs
?
N
N+
S
abs
N
?
Sabs
N
?
N2H ?
S
abs
S
abs
S
abs
R
absR
abs
F
OH
F
R
abs
?
NH
N+
R
abs
R
abs?
S
abs
S
abs
S
absS
abs
OH
N 2H
VC_AD_304 C#[N+][C@]12[C@@H](F)C(=N)/C(=C/C)[C@@H]3[C@H](CC(C)(C)N)[C@@H](O)[C@@H](C)[C@@H](CC[C@@H]1C)[C@@H]32VL_AD
S SO
O
S
abs
OH
VC_AD_93 CCCCCC#C[C@@H](CO)C(=O)OCCc1ccc(-c2cccs2)s1VL_AD
S SO
O
S
abs
OH
VC_NP_95 CCCCCC#C[C@@H](CO)C(=O)OCCc1ccc(-c2cccs2)s1VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 102
S SO
O
S
abs
OH
FSabs
R
abs
NH
N+?
S
abs
R
abs
S
abs
R
abs
N
H
VC_AD_315 C#[N+][C@]1(C(C)C)[C@H]2[C@H](C)[C@H](C)C[C@@H](CC(C)(C)NC)[C@H]2C(=C)C(=N)[C@]1(C)FVL_AD
F
S
abs
?
N
N+
R
abs
R
abs
N
?
R
abs F
?
?
R
absS
abs
S
abs
R
abs
OH
F
N2H
VC_AD_369 C#[N+][C@@]12[C@H](F)C=C[C@@H]3[C@@H](C)[C@H](O)[C@H]4[C@H](F)[C@H](N)C[C@]4(C4=C=NN=C4[C@@H]1F)[C@H]32VL_AD
F
R
abs
R
abs
R
abs
?
OH
RabsN 2H
?
S
abs
S
abs
?
S
abs
?
F
N+
Sabs
R
abs
?
F
NN
VC_AD_477 C#[N+][C@@]12[C@@H](C)C3=NN=C=C3C3[C@@H]1[C@@H]1[C@@H](C[C@H]2F)[C@H]2[C@@H](N)[C@]1(F)[C@H](O)[C@H]3[C@@H]2FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 103
F
R
abs
R
abs
R
abs
?
OH
RabsN 2H
?
S
abs
S
abs
?
S
abs
?
F
N+
Sabs
R
abs
?
F
NN
FRabs
R
abs
?
N 2H
S
abs
?
? OH
?
Rabs
?
Sabs
N N
N+
R
abs
F
OH
VC_AD_360 C[C@@H](F)[C@@](C)([N+]#CO)[C@@H]1C(C2=C=NN=C2)[C@H]2[C@@H](O)[C@H]3C[C@@](N)(C=C[C@H]31)[C@H]2FVL_AD
FR
abs
S
abs N
N+
R
abs N
?
?
F
?
S
abs
OH
N
Rabs
S
abs
?
OH VC_AD_420 C[C@H]1CN(C)[C@H]2C3C4=C=NN=C4[C@H](F)[C@@H]([N+]#CO)[C@H](F)C=C[C@@H]2C[C@H](O)[C@@H]31VL_AD
FR
abs
R
abs
N+
?
?
R
abs F
OH
R
abs
S
abs
?
S
abs
?
NN
S
abs
OH
N2H
VC_AD_474 C[C@@H](F)[C@@](CF)([N+]#CO)[C@@H]1C2C3=C=NN=C3[C@@H](N)[C@H]3C=C[C@@H]([C@H]1C)[C@H](O)[C@H]23VL_AD
F
R
abs S
abs
N
N+
S
abs
R
abs
N ?
?
NH
F
?
OH
R
abs
S
abs
R
abs
S
abs
N 2H
VC_AD_393 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)C2=NN=C=C2C2[C@@H]3[C@H](C)[C@@H](C)N[C@]21C[C@H](C)[C@@H]3NVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 104
FR
abs
R
abs
N+
?
?
R
abs F
OH
R
abs
S
abs
?
S
abs
?
NN
S
abs
OH
N2H
F
R
abs S
abs
N
N+
S
abs
R
abs
N ?
?
NH
F
?
OH
R
abs
S
abs
R
abs
S
abs
N 2H
VC_AD_393 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)C2=NN=C=C2C2[C@@H]3[C@H](C)[C@@H](C)N[C@]21C[C@H](C)[C@@H]3NVL_AD
FR
abs
R
abs N+
R
abs
F
?
OH
N
?
S
absR
abs
OH
?
?
N
N
VC_AD_424 C[C@@H]1CN(C)[C@@H]2C(C3=C=NN=C3)[C@H]1[C@@H](O)C[C@H]2/C=C\[C@@H](F)[C@@H](CF)[N+]#COVL_AD
F R
abs
S
abs
N
N+
R
abs
N?
? F
Rabs
?
OH
NH
S
abs
Sabs
R
abs Rabs
? OH
VC_AD_433 C[C@@H](F)[C@H]([N+]#CO)[C@@H](F)C1=NN=C=C1C1[C@H]2[C@@H](O)[C@H]3C[C@@H]2[C@@H](C)N[C@H]1[C@@H]3CVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 105
F R
abs
S
abs
N
N+
R
abs
N?
? F
Rabs
?
OH
NH
S
abs
Sabs
R
abs Rabs
? OH
O
O OH
OH
OH
VC_AD_139 CC(C)=CCCC(C)=CCc1c(O)cc(O)c2c(=O)c3cc(O)ccc3oc12VL_AD
O
O OH
OH
OH
VC_NP_141 CC(C)=CCCC(C)=CCc1c(O)cc(O)c2c(=O)c3cc(O)ccc3oc12VL_NP
O
S
abs
? OH
?
OH Rabs
OH
VC_AD_119 CCCCCCC=CCCCCCCCC1CC2(O)C[C@@H](O)C=C[C@@]2(O)O1VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 106
O
S
abs
? OH
?
OH Rabs
OH
O
? OH
R
abs
?
OH
OH
VC_AD_129 CCCCCCC=CCCCCCCCC(O)CC1(O)C[C@@H](O)C=CC1=OVL_AD
O
S
abs
? OH
?
OH Rabs
OH
VC_NP_120 CCCCCCC=CCCCCCCCC1CC2(O)C[C@@H](O)C=C[C@@]2(O)O1VL_NP
O
? OH
R
abs
?
OH
OH
VC_NP_130 CCCCCCC=CCCCCCCCC(O)CC1(O)C[C@@H](O)C=CC1=OVL_NP
F
S
abs ?
N
N+
Rabs
R
abs
N ?
?
R
abs
F
Sabs
?
R
absS
absS
abs S
abs
FOH F
N 2H
VC_AD_499 C#[N+][C@]12[C@H](F)C[C@]34[C@H](F)[C@]5(N)C[C@H]3[C@H]1C(C1=C=NN=C1[C@@H]2F)[C@@H]([C@H]4O)[C@@H]5FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 107
O
? OH
R
abs
?
OH
OH
F
S
abs ?
N
N+
Rabs
R
abs
N ?
?
R
abs
F
Sabs
?
R
absS
absS
abs S
abs
FOH F
N 2H
VC_AD_499 C#[N+][C@]12[C@H](F)C[C@]34[C@H](F)[C@]5(N)C[C@H]3[C@H]1C(C1=C=NN=C1[C@@H]2F)[C@@H]([C@H]4O)[C@@H]5FVL_AD
F
R
abs
R
abs
N
N+
?
S
abs
N
?
?
NH
S
abs
F
Rabs
OH
?
S
abs
R
abs
S
abs
F
OH
VC_AD_395 C[C@H]1N[C@]23C4C5=C=NN=C5[C@H](F)[C@@]2([N+]#CO)[C@@H](F)C[C@@H]([C@H]3C)[C@H](O)[C@H]4[C@@H]1FVL_AD
FR
abs
S
abs
?
S
abs
S
abs
N
H
?
OH
S
abs
S
abs
R
abs
NH
S
abs
N
N+
F
OH
VC_AD_417 C[C@H]1N[C@]23[C@H](C)[C@H](C)[C@H](O)[C@H]([C@@H]2c2c[nH]nc2[C@@H](C)[C@@]3(CF)[N+]#CO)[C@@H]1FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 108
FR
abs
S
abs
?
S
abs
S
abs
N
H
?
OH
S
abs
S
abs
R
abs
NH
S
abs
N
N+
F
OH
O
R
abs
S
abs
?
S
abs
OS
abs
N 2H
R
abs
OO
OHO
R
abs
VC_NP_306 C=C1C(=O)O[C@H]2[C@@H]1CC(=O)[C@H](C)CC[C@H](N)[C@@](C)(O)[C@@H]2OC(=O)[C@H](C)CCVL_NP
F
S
abs
?
R
abs
R
abs
S
abs
N 2H
?S
abs
S
abs
NH
R
abs
N
N+ R
abs
F
OH
VC_AD_362 C[C@@H](N)[C@@H](F)[C@@H]1[C@@H](C)[C@@H](C)C[C@H]2[C@@H]1c1c[nH]nc1[C@H](C)[C@@]2([N+]#CO)[C@@H](C)FVL_AD
Cl
R
absR
abs
O
?
S
abs
?
S
abs
R
abs N+
R
abs
S
abs
OH
N 2H
VC_AD_296 C#[N+][C@@H]1[C@@]23[C@@H](CC[C@](C)(N)[C@@H]2CC[C@]1(C)O)[C@]1(C)C[C@@H]3[C@@H](Cl)C(C)(C)O1VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 109
Cl
R
absR
abs
O
?
S
abs
?
S
abs
R
abs N+
R
abs
S
abs
OH
N 2H
F
R
abs S
abs
NH
N+
R
abs
R
abs
?
S
abs
F
?
B 2H
S
abs
S
abs
R
abs
F R
abs
O
N 2H
VC_AD_326 BC#[N+][C@@]1([C@@H](C)F)[C@@H](F)C(=N)C(=C)[C@@H]2[C@@H]3[C@H](F)[C@H](N)CO[C@H]3[C@@H](C)[C@@H](C)[C@@H]21VL_AD
OO
?
?
?
?
O
N? N
OH
VC_AD_135 CC=C1CN2CCC34c5cc(O)ccc5N(C)C35OCC4(C(=O)OC)C1CC25VL_AD
OO
?
?
?
?
O
N? N
OH
VC_NP_137 CC=C1CN2CCC34c5cc(O)ccc5N(C)C35OCC4(C(=O)OC)C1CC25VL_NP
O?
S
abs
Sabs
S
abs?
R
abs
?
N+
S
abs
Rabs
?
O
?
?
N+
R
abs
NH
N2H
VC_NP_447 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@H]3C(=N)O[C@H]4[C@H]3[C@@H]3[C@@H]2[C@@H]1C[C@@H]1OC[C@H]4[C@@](C)([N+]#CC)[C@H]31VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 110
OO
?
?
?
?
O
N? N
OH
O?
S
abs
Sabs
S
abs?
R
abs
?
N+
S
abs
Rabs
?
O
?
?
N+
R
abs
NH
N2H
VC_NP_447 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@H]3C(=N)O[C@H]4[C@H]3[C@@H]3[C@@H]2[C@@H]1C[C@@H]1OC[C@H]4[C@@](C)([N+]#CC)[C@H]31VL_NP
O?
R
abs
?
R
absR
abs
?
N+
N
R
abs
O
R
abs
?
N+
R
abs
N2H
VC_NP_448 CC#[N+][C@]1(C)C[C@@H](N)[C@@H]2C3=C1C[C@@H]1OC[C@@H]4[C@H]5OC[C@H]2N5[C@H]3[C@H]1[C@]4(C)[N+]#CCVL_NP
OH
R
absR
abs
?NH
?
S
abs
Rabs
?
?
R
abs
N+
R
abs
Sabs
OH
S
abs
?
N2H
N+
VC_NP_496 CC#[N+][C@@H]1C[C@@H](O)[C@H]2[C@H]3C=C[C@@H]4[C@@H](O)[C@]35NC[C@]4([N+]#CC)[C@H]3C[C@H](N)[C@H]1[C@H]2[C@H]35VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 111
OH
R
absR
abs
?NH
?
S
abs
Rabs
?
?
R
abs
N+
R
abs
Sabs
OH
S
abs
?
N2H
N+
OHR
abs
S
abs
?
S
abs
?
R
abs
N+
S
abs
R
abs ?
S
abs
R
abs
Rabs
N2H
?
N
N+
VC_NP_329 CC#[N+][C@]12C=N[C@H](C1)[C@H]1[C@@H](C)[C@@H]3[C@@H]4[C@@H]1[C@@H]2C[C@H](N)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3OVL_NP
F
S
abs R
abs
?
OH
S
abs?
S
abs
R
abs
?S
abs
N 2H
F
N+
R
abs
R
abs
?FF
NN
VC_AD_389 C#[N+][C@]1([C@@H](C)F)[C@H]2[C@@H]3C[C@]4(N)C[C@]3(F)[C@H](O)[C@H](C2C2=C=NN=C2[C@H]1F)[C@@H]4FVL_AD
F
S
abs
R
abs
R
abs
OH Rabs
?
N+
?
S
abs
R
abs
?
NH
F ?
OH
N
?
N
VC_AD_449 C[C@]1(F)[C@@](CF)([N+]#CO)[C@@]23N[C@@H]4C=C[C@@]25C2=NN=C=C2C3[C@@H]2[C@@H]4C=C[C@@H]5[C@@]21OVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 112
F
S
abs
R
abs
R
abs
OH Rabs
?
N+
?
S
abs
R
abs
?
NH
F ?
OH
N
?
N
F S
abs
S
abs
Sabs
OH
Sabs
?
N+
R
abs
R
abs
S
abs
?
R
abs
N
H
F
N
?
OH
N?
VC_AD_485 C[C@@H](F)[C@]1([N+]#CO)[C@H](F)[C@]2(O)[C@@H]3C4C5=C=NN=C5[C@@]25C=C[C@@H]3[C@H]2C=C[C@H]5[C@@]41N2VL_AD
FR
abs
?
S
abs
S
abs
?
N 2H
OH
S
abs
?
S
abs
?
?
R
abs
F
N N
N+
F
OH
VC_AD_386 C[C@@H]1[C@H]2C(C3=C=NN=C3)[C@H]3[C@H](O)[C@]1(C[C@H](N)[C@H]3F)[C@@H](F)C[C@]2(CF)[N+]#COVL_AD
F
R
abs R
abs
N
?
R
abs
N N+?
?
NH
Sabs
FOH
R
abs?
S
abs
R
abs Sabs
F
OH
VC_AD_396 C[C@H]1N[C@]23C4C5=[N+]=NN=C5[C@H](F)[C@@]2(CO)[C@H](F)C=C[C@@H]3[C@H](C)[C@H](O)[C@H]4[C@@H]1FVL_AD
F
R
abs S
abs
N
N+
S
abs
R
abs
NH
?
N
H
F
?
OH
R
abs
S
abs
R
abs
S
abs
F
VC_AD_363 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)c2n[nH]cc2[C@@H]2[C@@H]3[C@@H](C)[C@@H](C)C[C@@]21N[C@H](C)[C@H]3FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 113
F
R
abs R
abs
N
?
R
abs
N N+?
?
NH
Sabs
FOH
R
abs?
S
abs
R
abs Sabs
F
OH
F
R
abs S
abs
N
N+
S
abs
R
abs
NH
?
N
H
F
?
OH
R
abs
S
abs
R
abs
S
abs
F
VC_AD_363 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)c2n[nH]cc2[C@@H]2[C@@H]3[C@@H](C)[C@@H](C)C[C@@]21N[C@H](C)[C@H]3FVL_AD
O
N
H
O
O
VC_AD_142 CC(C)CNC(=O)C=CC=CCCCCCCC=Cc1ccc2c(c1)OCO2VL_AD
O
N
H
O
O
VC_NP_144 CC(C)CNC(=O)C=CC=CCCCCCCC=Cc1ccc2c(c1)OCO2VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 114
O
N
H
O
O
OH
S
abs
?
Sabs
R
abs
?
?
N+
R
abs
?
R
abs
R
abs
R
abs
Sabs
N 2H
?
OH
N+
VC_NP_459 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@H]3C=C[C@@H]4[C@@H](O)[C@H]3[C@@H]3[C@@H]2[C@@H]1[C@@H](O)C[C@@H]3[C@]4(C)[N+]#CCCVL_NP
O?
R
absS
abs
Sabs
S
abs?
R
abs
?
N+
S
abs
Rabs
?
O
?
?
N+
R
abs
N2H
VC_NP_488 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@H]3CO[C@H]4[C@H]3[C@@H]3[C@@H]2[C@@H]1C[C@@H]1O[C@H](C)[C@H]4[C@@](C)([N+]#CC)[C@H]31VL_NP
OH
R
abs
?
R
abs
Sabs
Rabs
N+
R
abs
?
?
R
abs
R
abs
?
N+R
abs
N2H
VC_NP_486 C=C[C@H]1[C@H]2C[C@@H](C)[C@@](C)([N+]#CC)[C@@H]3[C@H]2[C@H]2[C@H]1[C@H](N)C[C@@](C)([N+]#CC)[C@H]2C[C@@H]3OVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 115
OH
R
abs
?
R
abs
Sabs
Rabs
N+
R
abs
?
?
R
abs
R
abs
?
N+R
abs
N2H
F
R
absR
abs
N+
R
abs
N
N
?
F
S
abs
OH
?
R
abs
S
abs
?
R
abs
N
N
OH
VC_AD_441 OC#[N+][C@]1(CF)[C@H](F)CN2[C@@]13[C@@H]1C=C[C@]24C2=NN=C=C2N3[C@@H]2[C@H]4C=C[C@@H]1[C@@H]2OVL_AD
FSabs
Rabs
?
OH
?
R
abs
N+
S
abs N?
?
N
S
abs
OH
?
NN
F
VC_AD_453 OC#[N+][C@@H]1[C@H](F)[C@]2(O)[C@H]3[C@@H]4C=C[C@H]2[C@H]2C=C[C@@]45C4=NN=C=C4N3[C@]21N5CCFVL_AD
FR
abs
R
abs NRabs
?
NH
?
?
F
R
abs
OH
R
abs
?
N
R
abs
?
N OH
VC_AD_467 O/C=N/[C@]1(CF)[C@H](F)C[C@]23C=C[C@]45C6=NN=C=C6C([C@H]6[C@@H](O)[C@H]4C=C[C@@H]62)[C@]51N3VL_AD
F
R
abs
Sabs
NH N+
R
abs
R
abs
? S
abs
F
S
abs
S
abs
R
abs
R
abs
OH
OH
R
abs
N 2H
VC_AD_320 C#[N+][C@@]1([C@@H](C)F)[C@@H](F)C(=N)/C(=C\C)[C@@H]2[C@H]([C@@H](O)[C@@H](C)N)[C@H](O)[C@@H](C)[C@@H](C)[C@@H]21VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 116
FR
abs
R
abs NRabs
?
NH
?
?
F
R
abs
OH
R
abs
?
N
R
abs
?
N OH
F
R
abs
Sabs
NH N+
R
abs
R
abs
? S
abs
F
S
abs
S
abs
R
abs
R
abs
OH
OH
R
abs
N 2H
VC_AD_320 C#[N+][C@@]1([C@@H](C)F)[C@@H](F)C(=N)/C(=C\C)[C@@H]2[C@H]([C@@H](O)[C@@H](C)N)[C@H](O)[C@@H](C)[C@@H](C)[C@@H]21VL_AD
O
R
abs R
abs
NS
abs
Sabs
R
absR
abs ?
?
N+
R
abs
S
abs
N 2H
?OH
N+
VC_NP_445 CC#[N+][C@@H]1C[C@@H](N)[C@@H]2C3=C1C[C@H](O)[C@H]1[C@@H]3N3[C@H](O[C@H](C)[C@H]23)[C@@H](C)[C@@]1(C)[N+]#CCVL_NP
OH
Rabs
S
abs
?
R
abs
Rabs
N+
R
abs
?
S
abs
Rabs
R
abs
N 2H
R
abs
N 2H
N+
VC_NP_422 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3C4=C([C@@H](N)C[C@H]1[C@@H]42)[C@](C)([N+]#CC)[C@H](C)[C@H]3OVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 117
OH
Rabs
S
abs
?
R
abs
Rabs
N+
R
abs
?
S
abs
Rabs
R
abs
N 2H
R
abs
N 2H
N+
OH
S
abs
?
NH
Rabs
S
abs
R
abs
N+
R
abs
?
?
S
abs
R
abs
R
absR
abs
N 2HN
+
VC_NP_474 CC#[N+][C@@]1(C)C(=N)[C@@H](O)[C@@H]2[C@H](C)[C@H]3[C@H]4[C@@H]2[C@@H]1[C@@H](C)[C@@H]4[C@](CC)([N+]#CC)C[C@@H]3NVL_NP
F
R
abs S
abs
N
N+
S
abs
R
abs
N ?
? NH
S
abs
F
?
OH
?
? Sabs
R
abs
OH
VC_AD_431 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)C2=NN=C=C2C2[C@H]3[C@@H](O)[C@@H]4C=C[C@@H]3[C@H]3C=C[C@H]4[C@@]21N3VL_AD
FS
abs
R
abs
S
abs
OH ?
Rabs
N+
Rabs
S
abs
? ?NH
F
?
OH
?
N
N
VC_AD_445 C[C@@]1(F)[C@@]2(O)[C@H]3C=C[C@@H]4[C@H]5C=C[C@H]3[C@@](N5)(C(C3=C=NN=C3)[C@H]42)[C@]1(CF)[N+]#COVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 118
FS
abs
R
abs
S
abs
OH ?
Rabs
N+
Rabs
S
abs
? ?NH
F
?
OH
?
N
N
F
S
abs ?
S
abs S
absS
abs
N+ S
absR
abs NH
?
R
abs
?
F
?
OH
OH
? N
N
VC_AD_473 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)[C@]23C=C[C@H]4[C@H]5C=C[C@H]2N[C@@]51C(C1=C=NN=C1)[C@H]3[C@H]4OVL_AD
FR
abs
R
abs
N+
?
NH
S
abs
?
F OH
?
?
SabsS
abs
R
abs
?OHN
N
VC_AD_487 C[C@@H](F)[C@@](CF)([N+]#CO)[C@@]12N[C@@H]3C=C[C@@H]1[C@@H]1C=C[C@@]34C3=NN=C=C3C2[C@H]4[C@H]1OVL_AD
F
S
absS
abs
R
absOH
?
R
abs
Sabs
R
abs
R
abs
?
?N
F
OHSabs
? N
N
VC_AD_493 C[C@@H](F)[C@@]1(CO)[C@H](F)[C@]2(O)[C@@H]3C=C[C@H]4[C@H]2C2C5=C=NN=C5[C@]45C=C[C@@H]3[C@@]21N5CVL_AD
OH
S
absR
abs
R
abs
R
abs
N 2HS
abs?
N+
S
abs
R
abs
S
abs
N+S
absS
abs
OH
VC_NP_410 CC#[N+][C@]1(C)CCC2=C3[C@H]4[C@H]([C@@H]2C)[C@H](O)[C@@H](C)[C@@](C)([N+]#CC)[C@H]4[C@@H](N)[C@@H](O)[C@@H]31VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 119
F
S
absS
abs
R
absOH
?
R
abs
Sabs
R
abs
R
abs
?
?N
F
OHSabs
? N
N
OH
S
absR
abs
R
abs
R
abs
N 2HS
abs?
N+
S
abs
R
abs
S
abs
N+S
absS
abs
OH
VC_NP_410 CC#[N+][C@]1(C)CCC2=C3[C@H]4[C@H]([C@@H]2C)[C@H](O)[C@@H](C)[C@@](C)([N+]#CC)[C@H]4[C@@H](N)[C@@H](O)[C@@H]31VL_NP
O
?
R
abs ?
Sabs
?
?N+
R
abs
Sabs R
abs
S
abs
R
abs
N 2H
OH ?
N+
VC_NP_443 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@H]3CO[C@H]4[C@H]3[C@@H]3[C@@H]2[C@@H]1C[C@H](O)[C@@H]3[C@](C)([N+]#CC)C4(C)CVL_NP
OH
Sabs
N+
R
abs
?
Rabs
?
R
abs
S
abs
N 2H
R
abs
R
abs
?
OH
Rabs
?
N+
R
abs
VC_NP_491 CC#[N+][C@]1(C)[C@H](C)[C@H]2CC[C@H]3[C@@H]2[C@@H]2[C@H]4[C@H]3[C@H](N)C[C@@](O)([N+]#CC)[C@H]4C[C@H](O)[C@@H]21VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 120
OH
Sabs
N+
R
abs
?
Rabs
?
R
abs
S
abs
N 2H
R
abs
R
abs
?
OH
Rabs
?
N+
R
abs
FS
abs
S
abs
R
abs
S
abs
?
Rabs
N+
R
abs
?
R
abs
R
abs
Sabs
N 2H
N+
VC_NP_380 C#C[C@]1([N+]#CC)C[C@H]2[C@H]3[C@@H]([C@H](C)[C@@H]2[C@H](N)C1)[C@H](F)[C@@H](C)[C@@](C)([N+]#CC)[C@H]3CCVL_NP
OH
R
abs
Sabs
S
abs
R
abs
R
abs
S
abs
?
R
abs
Rabs
R
abs
N+
S
abs
N 2H
N+
VC_NP_365 C=CC#[N+][C@@]1(C)C[C@@H]2[C@H]([C@@H](C)[C@]3(O)[C@H]2[C@H](C)[C@](C)([N+]#CC)[C@H](C)[C@H]3C)[C@H](N)C1VL_NP
F R
abs
S
abs
NH
N+
R
abs
? F
R
abs
B 2H
S
abs
S
abs
S
abs
OH
S
abs
FRabsN2H
VC_AD_332 BC#[N+][C@@H]([C@@H](C)F)[C@@H](F)C(=N)C(=C)[C@H]1C[C@H](C)[C@H](C)[C@H](O)[C@H]1[C@H](F)[C@@H](C)NVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 121
F R
abs
S
abs
NH
N+
R
abs
? F
R
abs
B 2H
S
abs
S
abs
S
abs
OH
S
abs
FRabsN2H
F
S
absS
abs
S
abs
N+
R
abs
R
abs
N 2H
?
S
abs
F
B 2H
S
abs
S
abs
S
abs
R
absOH
N 2H F
VC_AD_333 BC#[N+][C@@]1([C@@H](C)F)[C@@H](F)[C@@H](N)C(=C)[C@H]2[C@@H]1[C@H](C)[C@H](C)[C@H](O)[C@]2(CF)[C@@H](C)NVL_AD
F S
abs
N+
?
N?N
?
OH
?
R
abs
R
abs
?
R
abs
S
abs
NN
OHF
VC_AD_448 OC#[N+][C@H](CF)[C@@]12[C@@H]3C=C[C@]4(C5=NN=C=C5N1[C@@H]1[C@@H](O)[C@H]3C=C[C@@H]14)N2CCFVL_AD
F
S
abs
S
absN N
R
absN
N+? ? NH
?
F
?
OH
S
abs
S
abs
R
abs
R
abs
F
OH
VC_AD_401 C[C@@H]1[C@H](C)[C@@H](O)[C@@H]2C3C4=[N+]=NN=C4[C@@H](F)[C@](CF)(/N=C/O)[C@@]31N[C@@H](C)[C@H]2FVL_AD
F
R
abs R
abs
N
?
R
abs
N ?
?
OH
NH
NH
Sabs
F
R
abs
?
?
R
abs
R
abs
OH
VC_AD_367 C[C@H]1N[C@]23C4C5=C=NN=C5[C@H](F)[C@@]2(C(=N)O)[C@H](F)C=C[C@@H]3[C@@H]2C=C[C@H]1[C@@H]4[C@H]2OVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 122
F
S
abs
S
absN N
R
absN
N+? ? NH
?
F
?
OH
S
abs
S
abs
R
abs
R
abs
F
OH
F
R
abs R
abs
N
?
R
abs
N ?
?
OH
NH
NH
Sabs
F
R
abs
?
?
R
abs
R
abs
OH
VC_AD_367 C[C@H]1N[C@]23C4C5=C=NN=C5[C@H](F)[C@@]2(C(=N)O)[C@H](F)C=C[C@@H]3[C@@H]2C=C[C@H]1[C@@H]4[C@H]2OVL_AD
FR
abs
R
abs N+RabsN2H
OH
N
N?
?
?
Sabs
NH
Sabs
?
Rabs
?
Sabs
O
VC_AD_446 C[C@@H](F)[C@H]([N+]#CO)[C@@H](N)C1=NN=C=C1C1[C@H]2N[C@@H]3CO[C@H]4[C@@H](C=C[C@H]3[C@@H]14)[C@H]2CVL_AD
FS
abs
?
N
N+
R
abs N
?
?
F
R
abs
Rabs
N
H
?
?
R
abs ?
S
abs N
H VC_AD_455 CC#[N+][C@H]1[C@H](F)C=C[C@@H]2[C@H](C)[C@@H]3NC[C@H]4N[C@@H]2C(C2=C=NN=C2[C@@H]1F)[C@@H]3[C@@H]4CVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 123
FS
abs
?
N
N+
R
abs N
?
?
F
R
abs
Rabs
N
H
?
?
R
abs ?
S
abs N
H
O
O
O
?
OH
?
?
?
?
OH
VC_AD_143 CC1CCC2C(C)(C)C(O)CCC2(C)C12Cc1c(c(C=O)c(C=O)cc1O)O2VL_AD
O
O
O
?
OH
?
?
?
?
OH
VC_NP_145 CC1CCC2C(C)(C)C(O)CCC2(C)C12Cc1c(c(C=O)c(C=O)cc1O)O2VL_NP
F
R
abs
?
S
abs
R
abs
S
abs
?
N+
?
S
abs
?
R
abs
R
abs
NH
N 2H
OH
N+
VC_NP_478 CC#[N+]CC[C@@H](N)[C@H]1[C@H]2C=C[C@@H]3[C@@H](O)[C@]24NC[C@]3([N+]#CC)[C@H]2C[C@H](F)C[C@H]1[C@H]24VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 124
F
R
abs
?
S
abs
R
abs
S
abs
?
N+
?
S
abs
?
R
abs
R
abs
NH
N 2H
OH
N+
OH
S
absR
abs
R
abs
N 2H
S
abs
?
S
abs
? N+
N+
S
abs
R
abs
R
absR
abs
S
abs
N2H
OH
VC_NP_426 CC#[N+][C@@H]1C[C@@H](N)C2=C3[C@H]4[C@@H]([C@@H]2C)[C@H](O)[C@@H](C)[C@@](C)([N+]#CC)[C@H]4[C@@H](N)[C@@H](O)[C@@H]31VL_NP
OH
RabsN
S
abs
Rabs
Sabs
Rabs?
?
N+
S
abs
R
abs
S
abs
OH
N 2H
N+
VC_NP_439 CC#[N+][C@@]1(C)C[C@@H](N)[C@@H]2C3=C1C[C@H](O)[C@H]1[C@@H]3N([C@@H]2C)[C@H](O)[C@@H](C)[C@@]1(C)[N+]#CCVL_NP
O ?
N
S
abs
?
R
abs
S
abs
S
abs
Sabs
N+
S
abs
N2H
OH
N+
VC_NP_468 CC#[N+]C(C)(C)C1=C2[C@@H](CN)[C@H]3CO[C@@H]4[C@@H](C)[C@@](C)([N+]#CC)[C@H]([C@@H]2N43)[C@@H](O)C1VL_NP
O ?
N
H
?
?
O
?
?
?
? ?
N
VC_AD_144 CC(C1CCC2C3CCC4C(=O)C(NC=O)=CCC4(C)C3CCC12C)N(C)CVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 125
O ?
N
S
abs
?
R
abs
S
abs
S
abs
Sabs
N+
S
abs
N2H
OH
N+
O ?
N
H
?
?
O
?
?
?
? ?
N
VC_AD_144 CC(C1CCC2C3CCC4C(=O)C(NC=O)=CCC4(C)C3CCC12C)N(C)CVL_AD
O ?
N
H
?
?
O
?
?
?
? ?
N
VC_NP_146 CC(C1CCC2C3CCC4C(=O)C(NC=O)=CCC4(C)C3CCC12C)N(C)CVL_NP
OH
S
abs
R
abs
Rabs?
R
abs
N+
Rabs
?
?
S
abs
S
abs
R
abs
N+
R
abs
S
abs
N2H
N2H
VC_NP_321 CC#[N+][C@]1(C)[C@H](C)C[C@H]2[C@@H]3[C@H]4[C@H]([C@H]2C)[C@H](N)[C@@H](N)[C@@](C)([N+]#CC)[C@H]4C[C@H](O)[C@@H]31VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 126
OH
S
abs
R
abs
Rabs?
R
abs
N+
Rabs
?
?
S
abs
S
abs
R
abs
N+
R
abs
S
abs
N2H
N2H
OHR
abs
R
abs
R
abs
R
abs
?
N+
R
abs
?
S
abs
R
abs
?
S
abs
N+
S
abs
N2H
N 2H
VC_NP_322 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@H]3C[C@](C)(N)[C@@](C)([N+]#CC)[C@H]4C[C@@H](O)[C@H]1[C@H]2[C@@H]34VL_NP
OH
S
absR
abs
Rabs
S
abs
?
N+
R
abs
S
abs
?
?
R
abs
N2H
R
abs
R
abs
N+
N2H
VC_NP_326 CC#[N+][C@]1(C)[C@H](C)C[C@@H]2[C@H](C)C[C@H]3[C@@H]4C[C@H](O)[C@H]1[C@]23[C@H](N)[C@@H](N)[C@@]4(C)[N+]#CCVL_NP
OH
Rabs?
Sabs
Rabs
RabsS
abs
?
?
N+
S
abs
Sabs
S
abs
N 2H
S
abs
R
abs
N 2H
N+
VC_NP_403 CC#[N+][C@]1(C)C[C@@H](O)[C@@H]2[C@H](C)[C@H]3[C@@H]4[C@@H]2[C@@H]1[C@@H](N)[C@@H](C)[C@@H]4[C@](C)([N+]#CC)C[C@H]3NVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 127
OH
Rabs?
Sabs
Rabs
RabsS
abs
?
?
N+
S
abs
Sabs
S
abs
N 2H
S
abs
R
abs
N 2H
N+
OH
Sabs
S
abs
?
R
abs
N
Rabs
N+
?
R
abs
?
Rabs
R
abs
R
abs
R
abs
N 2H
N+
VC_NP_416 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@H]3[C@@H](O)[C@@H](C)[C@@](C)([N+]#CC)[C@@H]4C[C@@H](C)[C@H]1[C@H]2N34VL_NP
OH
R
abs
?
? R
abs
R
absN+
?
R
abs
R
abs
S
abs
S
abs
N2H
N 2H
N+
VC_NP_420 CC#[N+][C@H](C)C[C@@H](O)[C@H]1[C@H]2C[C@@H](N)[C@@H](C)[C@H]3C2=C([C@H]1C)[C@H](N)C[C@@]3(C)[N+]#CCVL_NP
OH
S
abs S
abs
R
abs
S
abs
?
R
abs
N
H
S
abs
S
abs
R
abs
R
abs
N 2HSabs
R
abs
N+
VC_NP_391 CC#[N+][C@]1(C)C[C@@H](C)C2=C3[C@H]4[C@@H]([C@@H]2C)[C@H](O)[C@@H](C)[C@@](C)(NC)[C@H]4[C@@H](N)[C@@H](C)[C@@H]31VL_NP
F
S
abs
?
N
N+
Rabs
N
?
?
?
R
abs?
B 2H
R
abs
F
R
abs
R
abs
F
R
abs
OHN2H
VC_AD_345 BC#[N+][C@]12C[C@@H](F)[C@@]34C(C5=C=NN=C5[C@@H]1F)[C@@H]2[C@@H]1C=C[C@](N)(C[C@@H]1[C@@H]3O)[C@H]4FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 128
OH
S
abs S
abs
R
abs
S
abs
?
R
abs
N
H
S
abs
S
abs
R
abs
R
abs
N 2HSabs
R
abs
N+
F
S
abs
?
N
N+
Rabs
N
?
?
?
R
abs?
B 2H
R
abs
F
R
abs
R
abs
F
R
abs
OHN2H
VC_AD_345 BC#[N+][C@]12C[C@@H](F)[C@@]34C(C5=C=NN=C5[C@@H]1F)[C@@H]2[C@@H]1C=C[C@](N)(C[C@@H]1[C@@H]3O)[C@H]4FVL_AD
F
Sabs
?
N
N+
Sabs
N?
?
?
R
abs
S
abs
B 2H
R
abs
F
R
abs
S
absF
R
abs
OH
N2H
VC_AD_351 BC#[N+][C@]12C[C@@H](F)[C@@]34C=C[C@]5(N)C[C@@H]3[C@H](O)[C@H](C(C3=C=NN=C3[C@@H]1F)[C@H]42)[C@@H]5FVL_AD
F
S
abs
S
abs OH
RabsS
abs
R
abs
S
abs
?
N2H
S
abs
F
N+
R
abs
R
abs
?
F
F
N
N
OH
VC_AD_406 C[C@@H](F)[C@]1([N+]#CO)[C@@H](F)C2=NN=C=C2C2[C@@H]1C[C@]1(F)C[C@H](N)[C@@H](F)[C@@H]2[C@H]1OVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 129
F
S
abs
S
abs OH
RabsS
abs
R
abs
S
abs
?
N2H
S
abs
F
N+
R
abs
R
abs
?
F
F
N
N
OH
F
R
absR
abs
R
abs
?
OH
R
absN2H
?
S
abs?
S
abs
S
abs
F
R
abs
R
abs
? F
F
OH
N N
VC_AD_429 C[C@@H](F)[C@]1(CO)[C@@H](F)C2=NN=C=C2C2[C@@H]1[C@@H]1C[C@H]3[C@@H](N)[C@]1(F)[C@H](O)[C@H]2[C@@H]3FVL_AD
F
R
abs
S
abs
?
?Sabs
NH
R
abs
OH
S
absN+? Sabs
N
N
N+
F
F
OH
VC_AD_400 C[C@H]1N[C@@]2(C(CF)(CF)[N+]#CO)C(C3=[N+]=NN=C3)[C@@H]([C@@H](O)[C@@H](C)[C@H]2C)[C@@H]1FVL_AD
F
R
absR
abs
Sabs
N 2H
S
abs
?
R
abs OH
?
R
abs
?
?
R
abs
F
N
N
?
N+
OH
VC_AD_418 C[C@H]1C2=NN=C=C2C2[C@@H]3[C@@H]4C=C[C@]5(N)C[C@@H]4[C@H](O)[C@]2(C[C@@H](F)[C@]13[N+]#CO)[C@@H]5FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 130
F
R
absR
abs
Sabs
N 2H
S
abs
?
R
abs OH
?
R
abs
?
?
R
abs
F
N
N
?
N+
OH
F
R
abs
S
abs
N
N+
Sabs
N??
N
?
Rabs
OH
??
S
abs
S
abs
?
F
O
VC_AD_440 C[C@H]1C=C[C@@H]2[C@H](C)[C@@H]3OC[C@@H]4[C@@H](F)[C@H]3C3C5=C=NN=C5[C@H](F)[C@@H]([N+]#CO)[C@]32N41VL_AD
FR
abs
R
abs
N+
?
NH
Sabs F
OH
?
?
R
abs
S
abs
N
R
abs
OH
N
?
VC_AD_489 C[C@@H](F)[C@@](CF)([N+]#CO)[C@H]1N[C@@]23C=C[C@@H]1[C@@H]1C=C[C@H]2[C@@H](CC2=C=NN=C23)[C@H]1OVL_AD
F
R
abs
S
abs
N
S
abs
R
abs
N
?
?N
Sabs F
OH?
?
?
S
abs
R
abs
OH
VC_AD_437 C[C@@H](F)[C@]1(CO)[C@@H](F)C2=NN=C=C2C2[C@H]3[C@@H](O)[C@H]4C=C[C@@H]3[C@H]3C=C[C@H]4[C@@]21N3CVL_AD
F
R
abs ?S
abs
N R
abs
N+
S
abs
R
abs
S
abs
?
?
F
S
abs
S
abs
OH ?
N
N
VC_AD_464 C#[N+][C@@]1([C@@H](C)F)[C@H](F)[C@@]23C=C[C@@H]4[C@H](C)[C@H](O)[C@H](C(C5=C=NN=C5)[C@]41N2C)[C@@H]3CVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 131
F
R
abs
S
abs
N
S
abs
R
abs
N
?
?N
Sabs F
OH?
?
?
S
abs
R
abs
OH
F
R
abs ?S
abs
N R
abs
N+
S
abs
R
abs
S
abs
?
?
F
S
abs
S
abs
OH ?
N
N
VC_AD_464 C#[N+][C@@]1([C@@H](C)F)[C@H](F)[C@@]23C=C[C@@H]4[C@H](C)[C@H](O)[C@H](C(C5=C=NN=C5)[C@]41N2C)[C@@H]3CVL_AD
F
R
abs
S
abs
?
N+
R
abs
R
abs
N
S
abs
?
S
abs
F
?S
abs
R
abs?
OH
N
N
VC_AD_471 C#[N+][C@@]1([C@@H](C)F)[C@H](F)[C@@H]2[C@@H](C)[C@@H]3C(C4=C=NN=C4)[C@]14[C@@H](C=C)[C@H](CCN24)[C@@H]3OVL_AD
FR
abs
?
R
abs
O
S
abs
?
R
abs
R
abs
?
N+
?
S
abs N
+
R
abs
R
abs
?
?
N2H
O
VC_NP_446 CC#[N+][C@@H]1C[C@@H](N)[C@@H]2[C@H]3CO[C@H]4[C@H]3[C@H]3[C@@H]2[C@@H]1[C@@H](F)[C@@H]1OC[C@H]4[C@](C)([N+]#CC)[C@H]31VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 132
FR
abs
?
R
abs
O
S
abs
?
R
abs
R
abs
?
N+
?
S
abs N
+
R
abs
R
abs
?
?
N2H
O
O
?N
S
abs
Rabs
?
Sabs
?
S
abs
?
N+
R
abs
S
abs
Rabs
OH
OH
R
absN+
VC_NP_436 CC#[N+][C@]1(C)C[C@@H](O)[C@@H]2[C@@H]3[C@@H]4[C@H]([C@@H](O)C[C@@H]31)[C@](C)([N+]#CC)[C@H](C)[C@H]1OC[C@H]2N14VL_NP
O
?
R
abs
R
abs
?
R
abs
?
?
N+
R
abs
S
abs
S
abs
S
abs
Rabs
N 2H
S
abs
OH
?
OH
N+
VC_NP_487 CC#[N+][C@@H]1[C@@H](O)[C@@H](N)[C@H]2[C@H]3CO[C@H]4[C@H]3[C@@H]3[C@@H]2[C@@H]1C[C@H](O)[C@@H]3[C@](C)([N+]#CC)[C@@H]4CVL_NP
F
S
abs
S
abs
Rabs R
abs
?
R
abs N+
?
R
abs
S
abs S
abs? OH
Sabs
N2H
N+
VC_NP_358 C#C[C@@H]([N+]#CC)[C@H]1C[C@H](O)[C@H]2[C@@H]3[C@@H]([C@H](C)[C@H](CN)[C@H]31)[C@H](F)[C@@H](C)[C@@]2(C)[N+]#CCVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 133
F
S
abs
S
abs
Rabs R
abs
?
R
abs N+
?
R
abs
S
abs S
abs? OH
Sabs
N2H
N+
OH Sabs
R
abs
S
abs
?
R
abs
N+ Rabs
?
S
abs
R
abs
R
abs
?
N+
R
abs
OH
N 2H
VC_NP_342 CC#[N+][C@]1(C)C[C@@H](N)[C@@H]2[C@@H]3[C@H]4[C@H](CO)[C@]2(C)[C@@H](C)[C@](C)([N+]#CC)[C@H]4[C@@H](O)C[C@@H]31VL_NP
OH
Rabs
S
abs
?
S
abs
?
Rabs
N+
S
abs
R
abs
?
R
abs
R
abs
N 2H
R
abs
S
abs
N+
OH
VC_NP_351 CC#[N+][C@@]1(C)[C@@H](O)C[C@@H]2[C@@H](C)[C@@H]3[C@@H]4[C@H]2[C@@H]1C[C@@H](N)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3OVL_NP
O
Rabs
R
abs
R
abs
?
R
abs
?
OH
R
abs
?
S
abs
Rabs
R
abs
N+
S
abs N 2HN+
VC_NP_415 CC#[N+][C@@]1(C)[C@@H]2[C@H]3[C@@H]4C[C@](C)([N+]#CC)C[C@@H](N)[C@H]4[C@@H](C)[C@@]3(O[C@H]2C)[C@H](O)[C@H]1CVL_NP
O
S
abs
S
abs
R
abs ?
S
abs
?N+
? Sabs
S
abs ?
OH R
abs
N+
N 2H
VC_NP_461 CC#[N+][C@](C)(CCN)[C@H]1C[C@H](O)[C@H]2[C@H]3[C@H]1C[C@H]1CO[C@@H]([C@H]13)[C@@H](C)[C@@]2(C)[N+]#CCVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 134
O
Rabs
R
abs
R
abs
?
R
abs
?
OH
R
abs
?
S
abs
Rabs
R
abs
N+
S
abs N 2HN+
O
S
abs
S
abs
R
abs ?
S
abs
?N+
? Sabs
S
abs ?
OH R
abs
N+
N 2H
VC_NP_461 CC#[N+][C@](C)(CCN)[C@H]1C[C@H](O)[C@H]2[C@H]3[C@H]1C[C@H]1CO[C@@H]([C@H]13)[C@@H](C)[C@@]2(C)[N+]#CCVL_NP
OH
S
absS
abs
S
abs
N+
?
N 2HSabs
R
abs
S
abs
Rabs
?
?
R
abs
R
abs
S
abs
N+
S
abs
OH
VC_NP_465 CC#[N+][C@@]1(C)[C@H]2[C@@H](C)[C@H]3[C@@H]4[C@@H]([C@H](C)[C@@H]([C@H]42)[C@H](N)[C@H]1O)[C@H](O)[C@@H](C)[C@@]3(C)[N+]#CCVL_NP
O
?
R
abs
R
abs
?
S
abs
R
abs
?
N+
S
abs
R
abs
Rabs
R
abs
N 2H
OH
RabsN+
VC_NP_476 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@H]3CO[C@H]4[C@H]3[C@H]([C@@H]2[C@@H]1C)[C@H](CO)[C@](C)([N+]#CC)[C@@H]4CVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 135
O
?
R
abs
R
abs
?
S
abs
R
abs
?
N+
S
abs
R
abs
Rabs
R
abs
N 2H
OH
RabsN+
F
S
abs
SabsN+
?
?
Sabs
R
abs
S
abs
R
abs
?
S
abs
N2H
S
abs
S
abs
N+
VC_NP_325 CC#[N+][C@@]1(C)C[C@H](C)[C@H]2[C@H](C)[C@H]3C[C@](C)(F)[C@@](C)([N+]#CC)[C@H]4C[C@@H](N)[C@H]1[C@H]2[C@H]34VL_NP
F
R
abs
S
abs
Rabs
?
S
abs
?
R
abs ?N+
S
abs
R
abs
R
abs
R
abs
N 2H
N+
VC_NP_354 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@H]3C[C@H](C)[C@H]4[C@H]([C@@H]3[C@](C)(F)C[C@@]4(C)[N+]#CC)[C@@H]2[C@@H]1CVL_NP
F
R
abs
?S
abs
R
abs
R
abs
Rabs
?
?
N+
R
abs
R
abs
Rabs
R
abs
N 2HN
+
VC_NP_417 CC#[N+][C@]1(C)C[C@@H](F)[C@@H]2[C@H](C)[C@H]3[C@@H]4[C@@H]2[C@@H]1C[C@@H](C)[C@@H]4[C@](CC)([N+]#CC)C[C@@H]3NVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 136
F
R
abs
?S
abs
R
abs
R
abs
Rabs
?
?
N+
R
abs
R
abs
Rabs
R
abs
N 2HN
+
F
Sabs
S
abs
?
?
Rabs
Rabs
N+
R
abs
?
?
S
abs
Rabs
S
abs
R
abs
N 2H
N+
VC_NP_425 CC#[N+][C@@H]1[C@H](C)[C@@H](F)[C@@H]2[C@H](C)[C@H]3[C@@H]4[C@@H]2[C@]1(C)[C@@H](C)C[C@@H]4[C@](C)([N+]#CC)C[C@H]3NVL_NP
OH
R
abs
?
R
abs
R
abs
R
abs
S
abs
S
abs
?
N+
S
abs
S
abs
N 2H
N+
VC_NP_432 CC#[N+][C@]1(C)C[C@@H](O)[C@@H]2[C@H](C)[C@H]3[C@@H](C[C@](C)([N+]#CC)C[C@H]3N)[C@@H]2[C@@]1(C)C(C)CVL_NP
O
O
O
O
O
O O
OH
VC_AD_138 COc1cc(-c2cc(=O)c3c(cc(OC)c(OC)c3OC)o2)cc(OC)c1OVL_AD
O
O
O
O
O
O O
OH
VC_NP_140 COc1cc(-c2cc(=O)c3c(cc(OC)c(OC)c3OC)o2)cc(OC)c1OVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 137
O
O
O
O
O
O O
OH
O
O
O
O
O
O O
OH
VC_NP_140 COc1cc(-c2cc(=O)c3c(cc(OC)c(OC)c3OC)o2)cc(OC)c1OVL_NP
F
NR
abs
S
abs
F
S
abs
?
S
abs
N+
R
abs
NH
S
abs
S
abs
F
R
abs
S
abs
OH
F
VC_AD_323 C=C1/C(=N/F)[C@H](F)[C@@]([N+]#CF)([C@@H](C)F)[C@@]23N[C@H](C)C[C@H]([C@@H](O)[C@@H](C)[C@H]2C)[C@@H]13VL_AD
F
N
R
abs
?
F
S
abs
R
abs
?
N+
R
abs
SabsS
abs
R
abs
F
S
abs
OH
S
abs
N 2H
F
VC_AD_319 C#[N+][C@@]1([C@@H](C)F)[C@@H](F)/C(=N\F)C(=C)[C@@H]2[C@H]3[C@@H](O)[C@@H](C)[C@@H](C[C@@H]3[C@H](N)CF)[C@@H]21VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 138
F
N
R
abs
?
F
S
abs
R
abs
?
N+
R
abs
SabsS
abs
R
abs
F
S
abs
OH
S
abs
N 2H
F
FS
abs
S
abs
N+
R
abs
? ?N
F
R
abs
Rabs
OH
N
H
?
R
abs
R
abs ?
?
O
VC_AD_430 C[C@H]1[C@H]2C=C[C@@H](F)[C@H]([N+]#CO)[C@@H](F)C3=CN=C=C3C3[C@H]2N[C@@H]2CO[C@@H]1[C@H]3[C@@H]2CVL_AD
F
R
abs
Sabs
N
N+
S
abs
?
N
? ?
N
H
?
?
OH
R
abs
S
abs
S
abs
R
abs
F
N2H
VC_AD_423 C[C@@H]1C=C[C@@H]2[C@H](C)[C@H](F)[C@@H]3C4C5=C=NN=C5[C@H](F)[C@]1([N+]#CO)[C@]42N[C@H](C)[C@H]3NVL_AD
F
N Rabs
?
F
Sabs
R
abs
S
abs
R
abs
S
abs
S
abs
S
abs
F
S
abs
OH
F
R
abs
N 2H
VC_AD_329 C#C[C@@]1([C@@H](C)F)[C@@H](F)/C(=N\F)C(=C)[C@@H]2[C@H]([C@H](F)[C@@H](C)N)[C@@H](O)[C@@H](C)[C@@H](C)[C@@H]21VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 139
F
N Rabs
?
F
Sabs
R
abs
S
abs
R
abs
S
abs
S
abs
S
abs
F
S
abs
OH
F
R
abs
N 2H
O
O
?
?
?
?
?
O
?
OH
?O
O
VC_AD_134 CC(=O)OC1CCC(C)(C)C2(O)CC3OC(=O)C4c5ccoc5CC(C34)C12CVL_AD
O
O
?
?
?
?
?
O
?
OH
?O
O
VC_NP_136 CC(=O)OC1CCC(C)(C)C2(O)CC3OC(=O)C4c5ccoc5CC(C34)C12CVL_NP
F
R
absS
abs
Rabs
N+
N 2H?
Rabs
R
abs
S
abs
N
R
abs
OH
R
abs
R
abs
N+
VC_NP_453 CC#[N+][C@]1(C)[C@H](C)CN2[C@H](C)[C@H]3C4=C(C[C@H](O)[C@H]1[C@@H]42)[C@](C)([N+]#CC)[C@H](F)[C@H]3NVL_NP
F
S
abs
R
abs
?S
abs
?
N+S
abs
?
S
abs
R
abs
?
R
abs
N+
S
abs
N2H
NH
S
abs
OH
VC_NP_482 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@]34NC[C@@]([N+]#CC)([C@H](C)[C@H]3O)[C@H]3C[C@H](F)[C@H]1[C@H]2[C@H]34VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 140
F
R
absS
abs
Rabs
N+
N 2H?
Rabs
R
abs
S
abs
N
R
abs
OH
R
abs
R
abs
N+
F
S
abs
R
abs
?S
abs
?
N+S
abs
?
S
abs
R
abs
?
R
abs
N+
S
abs
N2H
NH
S
abs
OH
VC_NP_482 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@]34NC[C@@]([N+]#CC)([C@H](C)[C@H]3O)[C@H]3C[C@H](F)[C@H]1[C@H]2[C@H]34VL_NP
F
R
abs ?R
abs N+
?
R
abs
R
abs
?
S
abs
S
abs
N2H
R
abs
S
abs
N+
?
OHN2H
VC_NP_498 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@H]3C=C[C@@H]4[C@@H](O)[C@H]3[C@H]([C@@H]2[C@@H]1CF)[C@H](C)[C@]4(CN)[N+]#CCVL_NP
F
SabsN
S
abs
?
Rabs
SabsS
abs
S
abs
?
N+
R
abs
Sabs
R
abs
OH
S
abs
N 2H
VC_NP_337 CC#C[C@@]1(C)C[C@@H](N)[C@H]2[C@@H](C)N3[C@@H]4[C@@H]2[C@H]1C[C@@H](O)[C@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3FVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 141
F
SabsN
S
abs
?
Rabs
SabsS
abs
S
abs
?
N+
R
abs
Sabs
R
abs
OH
S
abs
N 2H
OH
SabsN
S
abs
?
Rabs
OHS
abs
R
abs
R
abs
?
N+
S
abs
Rabs
R
abs
R
abs
N 2H
N+
VC_NP_330 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)N3[C@@H]4[C@@H]2[C@@H]1C[C@H](C)[C@@H]4[C@](C)([N+]#CC)[C@H](O)[C@H]3OVL_ P
OH
S
abs
R
abs
Rabs?
R
abs
N+?
Sabs
R
abs
R
abs
R
abs
R
abs
N+
OH
N2H
R
abs
N2H
VC_NP_388 CC#[N+][C@]1(C)C[C@@H](N)[C@]2(N)[C@@H]3[C@H]4[C@@H]([C@@H]2C)[C@H](O)C[C@@](C)([N+]#CC)[C@H]4[C@@H](O)C[C@@H]31VL_NP
OH
Rabs
?
S
abs
N+R
abs
N2H
?
S
abs
R
abs?
?
R
abs
R
abs
R
abs
OH
R
abs
N+
N 2H
VC_NP_495 CC#[N+][C@@H]1[C@H](O)[C@@H](N)[C@H]2C[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@@H](C)C[C@@H]4[C@@](CN)([N+]#CC)[C@@H](C)[C@H]3OVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 142
OH
Rabs
?
S
abs
N+R
abs
N2H
?
S
abs
R
abs?
?
R
abs
R
abs
R
abs
OH
R
abs
N+
N 2H
F
R
abs
S
abs
?
Sabs
R
abs
?
N+
R
abs
N2H
?
R
abs
S
abs
R
abs
R
abs
N2H
R
abs
N+
VC_NP_398 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](N)[C@@H]3[C@@H]4[C@@H]2[C@@H]1C[C@H](C)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3FVL_NP
FSabs
?
NH
N+
R
abs
S
absS
abs
?
S
abs
R
abs
N 2H
VC_AD_308 C#[N+][C@@]12[C@@H](C)CC[C@@H]3[C@H](C)C[C@@H](CC(C)(C)N)[C@H](/C(=C\C)C(=N)[C@]1(C)F)[C@]32CVL_AD
OH
S
abs
?
S
abs
?
?
N+
R
abs S
abs
S
abs
S
abs
Rabs
N+R
abs N 2HN2H
VC_NP_324 CC#[N+][C@](C)([C@H](N)CN)[C@H]1C[C@H](O)[C@H]2[C@H]3[C@H]1C[C@@H](C)[C@H]3C[C@@H](C)[C@@]2(C)[N+]#CCVL_NP
OH
S
abs
S
abs
Rabs S
abs
?
R
abs N+
Sabs
?
R
abs S
abs? N 2H
Rabs
Rabs
N2H
N+
VC_NP_423 CC#[N+][C@H](C)[C@@H]1[C@H]2[C@H]3[C@@H]([C@H](C)[C@@H]2CN)[C@H](O)[C@@H](C)[C@@](C)([N+]#CC)[C@H]3[C@@H](N)[C@H]1CVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 143
OH
S
abs
?
S
abs
?
?
N+
R
abs S
abs
S
abs
S
abs
Rabs
N+R
abs N 2HN2H
OH
S
abs
S
abs
Rabs S
abs
?
R
abs N+
Sabs
?
R
abs S
abs? N 2H
Rabs
Rabs
N2H
N+
VC_NP_423 CC#[N+][C@H](C)[C@@H]1[C@H]2[C@H]3[C@@H]([C@H](C)[C@@H]2CN)[C@H](O)[C@@H](C)[C@@](C)([N+]#CC)[C@H]3[C@@H](N)[C@H]1CVL_NP
F R
abs
Sabs
N
N+ Sabs
R
abs
N
?
?
?
F
S
abs
OH R
abs
R
abs
R
abs
FN 2H
OH
F
VC_AD_495 C[C@@H](N)[C@@H]1[C@@H](F)[C@H](O)[C@@H](CF)C2C3=C=NN=C3[C@H](F)[C@@]([N+]#CO)([C@@H](C)F)[C@H]21VL_AD
F
S
abs ?
R
abs
?
S
abs
OH
S
abs
?
N2H
S
abs
F
?
S
abs
N
N
N+
R
abs
F
F
OH
VC_AD_496 C[C@@H](F)[C@@H]([N+]#CO)[C@@H]1C(C2=C=NN=C2CF)[C@H]2[C@@H](O)[C@@H](F)[C@H]1[C@@H](N)C[C@H]2FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 144
F
S
abs ?
R
abs
?
S
abs
OH
S
abs
?
N2H
S
abs
F
?
S
abs
N
N
N+
R
abs
F
F
OH
F
S
abs
?
R
abs
R
abs
?
N 2H
OH
S
abs
S
abs
S
abs
N+?
N
N
N+
F
F OH
VC_AD_405 C[C@@H](N)[C@@H](F)[C@H]1C(C2=[N+]=NN=C2)[C@@H](C(CF)(CF)[N+]#CO)[C@H](C)[C@H](C)[C@@H]1OVL_AD
F
S
abs? NN+
R
abs
N
O
?F
Sabs
R
abs
S
abs
?
NH
?
R
abs
S
abs
?
O
VC_AD_412 C#[N+][C@H]1[C@H](F)C=C[C@@H]2[C@H](C)[C@@H]3OC[C@H]4N[C@@H]2[C@@H](OC2=C=NN=C2[C@@H]1F)[C@@H]3[C@@H]4CVL_AD
F
R
abs
R
abs?
S
abs
N+
R
absNH
?
S
abs
?
R
abs
OH
OH
N
R
abs
?
N
F
VC_AD_416 C[C@H]1N[C@]23C4C5=C=NN=C5[C@H](C)[C@@]2([N+]#CO)CC(F)=C[C@@H]3[C@H](C)[C@H](O)[C@H]4[C@@H]1FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 145
F
R
abs
R
abs?
S
abs
N+
R
absNH
?
S
abs
?
R
abs
OH
OH
N
R
abs
?
N
F
F R
abs
R
abs
N+
?
NH
S
abs
F
OH
?
?
R
abs
S
abs
R
abs
OH
?
N
N
VC_AD_486 C[C@@H](F)[C@@](CF)([N+]#CO)[C@H]1N[C@@H]2C=C[C@@H]1[C@@H]1C=C[C@H]2[C@@H](CC2=C=NN=C2)[C@H]1OVL_AD
O
?S
abs
R
abs
?
Rabs
S
abs
N+
R
abs
R
abs
S
abs
N 2H
?
OH
R
abs
OHN+
VC_NP_430 CC#[N+][C@]1(C)[C@H](C)[C@H]2OC[C@H]3[C@@H]2C[C@@H]1[C@@H](O)C[C@H]1C[C@H]3[C@H](N)C[C@@]1(O)[N+]#CCVL_NP
OH
S
abs?
Sabs
N+
R
abs
N 2H?
S
abs
Rabs
Sabs
OH
S
abs
S
abs
?
OH
?
Rabs
R
abs
N+
VC_NP_493 CC#[N+][C@@H]1[C@@H](O)[C@@H](N)[C@H]2[C@@H](C)[C@H]3C[C@@H](C)[C@@](C)([N+]#CC)[C@@H]4[C@H]3[C@@H]2[C@@H]1[C@H](O)[C@@H]4OVL_NP
OHSabs
R
abs
R
abs
OH
R
abs
?R
abs
R
abs
? N+
?
N+
?
R
absR
abs
S
abs
N2H
OH
VC_NP_499 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@](C)(O)[C@H](O)[C@@H]4[C@](C)([N+]#CC)C[C@H]3OVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 146
OH
S
abs?
Sabs
N+
R
abs
N 2H?
S
abs
Rabs
Sabs
OH
S
abs
S
abs
?
OH
?
Rabs
R
abs
N+
OHSabs
R
abs
R
abs
OH
R
abs
?R
abs
R
abs
? N+
?
N+
?
R
absR
abs
S
abs
N2H
OH
VC_NP_499 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@](C)(O)[C@H](O)[C@@H]4[C@](C)([N+]#CC)C[C@H]3OVL_NP
FS
abs
?
?
R
abs
R
abs
?
R
abs
N+
R
abs
R
abs
R
abs
R
abs
R
abs
N+
R
abs
OH
N 2H
VC_NP_318 C#[N+][C@]1(C)C[C@H](F)[C@H]2[C@@H]3[C@@H]4[C@@H](C[C@@H]2C)[C@@H](N)[C@@H](C)[C@@](C)([N+]#CC)[C@H]4[C@H](O)C[C@@H]31VL_NP
F
SabsS
abs
R
abs
Sabs
?
R
abs
N+
R
abs
?
R
abs
S
abs
S
abs
N 2H
R
abs
N+
OH
VC_NP_360 C=CC#[N+][C@@]1(C)C[C@H]2[C@H]3[C@@H]([C@H](C)[C@@H]2[C@H](N)[C@@H]1O)[C@H](F)[C@@H](C)[C@@](C)([N+]#CC)[C@H]3CVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 147
F
SabsS
abs
R
abs
Sabs
?
R
abs
N+
R
abs
?
R
abs
S
abs
S
abs
N 2H
R
abs
N+
OH
F
Rabs
S
abs
?
S
abs
?
Rabs
N+
R
abs
S
abs
?
S
abs
R
abs
S
abs
OH
?
N 2H
S
abs
N+
VC_NP_362 CC#[N+][C@@H]1[C@@H](C)[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1C[C@H](O)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3FVL_NP
F
S
abs
Rabs
?
R
abs
N+Sabs
?
R
abs
Sabs
R
abs
R
abs
?
R
abs
OH
R
abs
N+N2H
VC_NP_464 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@@H](C)[C@]4(F)[C@](C)([N+]#CC)[C@H](C)[C@H]3OVL_NP
OH
R
abs?
?
R
abs
SabsR
abs
R
abs
N+
R
abs?R
abs
R
abs
N+
S
abs
OH
N2H
VC_NP_387 CC#[N+][C@H](C)[C@@H]1[C@@H]2[C@H]([C@H](O)CC)[C@H](C)[C@H]3[C@H]2[C@H](C[C@@H]1O)[C@](C)([N+]#CC)C[C@H]3NVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 148
OH
R
abs?
?
R
abs
SabsR
abs
R
abs
N+
R
abs?R
abs
R
abs
N+
S
abs
OH
N2H
N+
S
abs
R
abs?
Sabs
Rabs
?
N
H
S
abs
?
S
abs
?
S
abs
N+
S
abs
VC_NP_452 CC#[N+][C@@]12CN[C@H]3[C@@H]4C=C[C@@]5([N+]#CC)C[C@@H](C)[C@H]6C(C)=C([C@@H]([C@@H]6[C@H]35)[C@H]41)[C@@H](C)[C@H]2CVL_NP
F
Sabs
N+
?
S
abs?
R
abs
?
S
abs
S
abs
N 2H
S
abs
R
abs
N+
VC_NP_327 CC#[N+][C@@](C)([C@H]1C[C@@H](N)[C@H]2[C@H]3[C@H]1C[C@H](C)[C@@H]3[C@H](C)C[C@@]2(C)[N+]#CC)C(C)(C)FVL_NP
O
O
R
&1
O
O
O
O
O
O
VC_AD_137 COc1cc2c(c(OC)c1OC)OCC(C1=CC(=O)C(OC)=C(OC)C1=O)C2VL_AD
O
O
R
&1
O
O
O
O
O
O
VC_NP_139 COc1cc2c(c(OC)c1OC)OCC(C1=CC(=O)C(OC)=C(OC)C1=O)C2VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 149
O
O
R
&1
O
O
O
O
O
O
O
O
R
&1
O
O
O
O
O
O
VC_NP_139 COc1cc2c(c(OC)c1OC)OCC(C1=CC(=O)C(OC)=C(OC)C1=O)C2VL_NP
F
R
abs
?
N
N+
R
abs
R
abs
N
?
?
Sabs
F
?
Sabs
N 2H
R
abs
R
abs
F
S
absOHN2H
VC_AD_353 NC#[N+][C@@]12[C@H](F)C[C@@]34C5C6=C=NN=C6[C@]1(F)C=C[C@H]([C@H](C[C@H](N)[C@H]3F)[C@@H]4O)[C@@H]52VL_AD
F
R
abs
Rabs
N
N+
?
R
abs
N
? ?
N
H
R
abs
F
N?
OH
?
R
abs
S
abs
R
abs
OH
VC_AD_376 C[C@H]1N[C@]23C4C5=C=NN=C5[C@H](F)[C@@]2([N+]#CO)[C@H](F)C=C[C@H]3[C@@H](C)[C@H](O)N4[C@H]1CVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 150
F
R
abs
Rabs
N
N+
?
R
abs
N
? ?
N
H
R
abs
F
N?
OH
?
R
abs
S
abs
R
abs
OH
F
R
abs
Rabs
S
abs
N2H NSabs
R
abs
?
OH
?
?
S
abs
N
N
R
abs
N+
R
abs
F
OH
VC_AD_481 C[C@@H](F)[C@@]1([N+]#CO)[C@H]2[C@@H]3C=C[C@]4(N)C[C@@H]3[C@H](O)[C@@H]([C@@H]4F)N2C2=C=NN=C2[C@H]1CVL_AD
F Rabs
?
?
S
abs
R
abs
?
N 2H
R
absOH
R
abs
Sabs
?
R
abs
N N
R
abs
N
R
abs
F
OH
VC_AD_475 C[C@@H](F)[C@]1(/N=C/O)[C@@H](C)C2=NN=C=C2C2[C@@H]3[C@H](F)[C@H]4C=C[C@H]([C@H]([C@H]4N)[C@@H]3O)[C@@H]21VL_AD
F
N Rabs
S
abs
F
Sabs
?
S
abs
N+R
abs
S
abs
S
abs
F
S
abs
OHRabs
F
N 2H
VC_AD_318 C=C1/C(=N/F)[C@H](F)[C@@]([N+]#CF)([C@@H](C)F)[C@H]2[C@H](C)[C@H](C)[C@H](O)[C@@H](C[C@@H](C)N)[C@@H]12VL_AD
Structure ID Smiles Class
 
 
 
 
Page: 151
F
N Rabs
S
abs
F
Sabs
?
S
abs
N+R
abs
S
abs
S
abs
F
S
abs
OHRabs
F
N 2H
F
Rabs
R
abs
S
absOH
S
abs
R
abs
?R
abs
Sabs
F
S
abs N+
R
abs
R
absN 2H
F
F
NH
VC_AD_322 C#[N+][C@@]1([C@@H](C)F)[C@@H](F)C(=N)C(=C)[C@H]2[C@H]([C@@H](F)[C@H](C)N)[C@@H](O)[C@](C)(F)[C@@H](C)[C@H]21VL_AD
F
S
abs S
abs
R
abs
S
abs
R
abs
N2H
OH
S
abs
?
S
abs
S
absNN
+
R
abs
OH
F
F
VC_AD_327 C#[N+][C@H]([C@@H](C)F)[C@H]1[C@H](C)[C@H](C)[C@H](O)[C@@H]([C@H](F)[C@@H](C)N)[C@H]1C(=C)/C(CF)=N/OVL_AD
F
Sabs
S
abs
?
OHS
abs
?
Rabs
N+
R
abs
R
abs
?
Sabs
R
abs
R
abs
R
abs
N 2H
N2H
N+
VC_NP_331 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@H](N)C[C@@H]4[C@](C)([N+]#CC)[C@H](O)[C@@H]3FVL_NP
F
S
abs R
abs
?
R
abs
R
abs
N+
?
?
S
abs
R
abs
?
R
abs
N+ S
abs
N 2H
R
absN2H OH
VC_NP_479 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@@H](F)C[C@@H]4[C@](CN)([N+]#CC)[C@H](C)[C@H]3OVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 152
F
Sabs
S
abs
?
OHS
abs
?
Rabs
N+
R
abs
R
abs
?
Sabs
R
abs
R
abs
R
abs
N 2H
N2H
N+
F
S
abs R
abs
?
R
abs
R
abs
N+
?
?
S
abs
R
abs
?
R
abs
N+ S
abs
N 2H
R
absN2H OH
VC_NP_479 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@@H](F)C[C@@H]4[C@](CN)([N+]#CC)[C@H](C)[C@H]3OVL_NP
OHR
abs
Sabs
Sabs
N+
R
abs
OH
R
abs
?
Rabs
?
R
abs
S
abs
Sabs
N 2H
S
abs
N+
N2H
VC_NP_364 CC#[N+][C@@]1(C)C[C@H]2[C@H]3[C@@H]([C@H](C)[C@@H]2[C@H](N)[C@H]1N)[C@H](O)[C@](C)(O)[C@@](C)([N+]#CC)[C@H]3CVL_NP
F
Sabs
S
abs
R
abs
S
abs
?
Rabs
N+
R
abs
?
R
abs
R
abs
S
abs
Sabs
N 2H
S
abs
N+
N2H
VC_NP_353 CC#[N+][C@@]1(C)[C@H](C)[C@H]2[C@H]3[C@@H]([C@H](C)[C@@H]2[C@H](N)[C@H]1N)[C@H](F)[C@@H](C)[C@@](C)([N+]#CC)[C@H]3CVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 153
F
Sabs
S
abs
R
abs
S
abs
?
Rabs
N+
R
abs
?
R
abs
R
abs
S
abs
Sabs
N 2H
S
abs
N+
N2H
OH
R
abs S
abs
?
R
abs
?
R
abs
N
H
R
abs
S
abs
?
S
abs
R
abs
S
abs
OH
?
N2H
S
abs
N+
VC_NP_372 CCC#[N+][C@@H]1[C@@H](C)[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1C[C@H](O)[C@@H]4[C@](C)(NC)[C@H](C)[C@H]3OVL_NP
FRabs
R
abs
NH
N+R
abs?
R
abs
S
abs
R
abs
S
abs
N2H
VC_AD_311 C#[N+][C@@]1(C(C)C)[C@@](C)(F)C(=N)C(=C)[C@@H]2[C@H](C[C@@](C)(N)CC)C[C@@H](C)[C@@H](C)[C@@]21CVL_AD
F
R
abs
?
N+
Sabs
?
N
H
?
S
abs
B 2H
R
abs
?
S
abs
R
abs
?
OH
F
N
N
F
VC_AD_339 BC#[N+][C@@H]1[C@H](F)C=C[C@@H]2[C@H](C)[C@H](O)[C@@H]3C(C4=C=NN=C4CF)[C@]21N[C@H](C)[C@H]3FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 154
F
R
abs
?
N+
Sabs
?
N
H
?
S
abs
B 2H
R
abs
?
S
abs
R
abs
?
OH
F
N
N
F
F
Rabs
R
abs
? N 2H
?S
abs
R
abs
OH
S
abs
?
S
abs
N
N
R
abs
N+
R
abs
F
F
B 2H
VC_AD_346 BC#[N+][C@@]1([C@@H](C)F)[C@@H](F)C2=NN=C=C2C2[C@H]3[C@@H](O)C[C@@H](C=C[C@@](C)(N)[C@H]3F)[C@@H]21VL_AD
F
S
abs R
abs
N
N+
S
abs
N ?
?
N
H
R
abs
F
?
B 2H
S
abs
S
abs
R
abs
S
abs
F
OH
VC_AD_356 BC#[N+][C@]1(CF)[C@H](F)C2=NN=C=C2C2[C@H]3[C@@H](O)[C@@H](C)[C@@H](C=C)[C@@]21N[C@@H](C)[C@H]3FVL_AD
F
S
abs
?
N
N+
Sabs
R
abs
N
?
?
N
?
F?
B 2H
R
abs
S
abs
R
abs
S
abs
F
OH
VC_AD_364 BC#[N+][C@@]12[C@H](F)C[C@@H]3[C@H](C)[C@H](O)[C@@H]4C(C5=C=NN=C5[C@@H]1F)[C@]32N(C)[C@H](C)[C@H]4FVL_AD
FR
abs
R
abs
N
N+
?
Rabs
N
?
?
?
F
R
abs
OHS
abs
R
abs
RabsF
?
OH
N2H
VC_AD_370 N[C@@]12C=C[C@H]3[C@H]4C5C6=C=NN=C6[C@H](F)[C@@]4([N+]#CO)[C@H](F)C[C@@]3(C1)[C@H](O)[C@H]5[C@@H]2FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 155
F
S
abs
?
N
N+
Sabs
R
abs
N
?
?
N
?
F?
B 2H
R
abs
S
abs
R
abs
S
abs
F
OH
FR
abs
R
abs
N
N+
?
Rabs
N
?
?
?
F
R
abs
OHS
abs
R
abs
RabsF
?
OH
N2H
VC_AD_370 N[C@@]12C=C[C@H]3[C@H]4C5C6=C=NN=C6[C@H](F)[C@@]4([N+]#CO)[C@H](F)C[C@@]3(C1)[C@H](O)[C@H]5[C@@H]2FVL_AD
F
R
abs
RabsN
N+
?N
? ?
?
Sabs
Sabs
OH
R
abs
F
R
abs
R
abs
F
?
OHN2H
VC_AD_380 N[C@@]12C=C[C@H]3[C@H]4C5(C6=C=NN=C6[C@H](F)[C@]4([N+]#CO)C[C@H]5F)[C@@H]([C@H](O)[C@H]3C1)[C@@H]2FVL_AD
FR
abs
?
R
abs
?
Sabs
OH
S
abs
S
abs?
N
H
S
abs?
N
N
R
abs
R
abs
F F
OH
VC_AD_436 C[C@@H](F)[C@]1(CO)[C@@H](F)C2=NN=C=C2C2[C@]3(F)[C@@H]4C=C[C@@H]([C@H]5C=C[C@H]4N[C@@]251)[C@@H]3OVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 156
FR
abs
?
R
abs
?
Sabs
OH
S
abs
S
abs?
N
H
S
abs?
N
N
R
abs
R
abs
F F
OH
F Rabs
S
abs
N
N+
?
R
abs
N ?
?
R
abs
F
R
abs
?
S
abs
R
abs
F
R
absOH N 2H
VC_AD_357 CC#[N+][C@]1([C@@H](C)F)[C@@H]2C3C4=C=NN=C4[C@]1(F)C=C[C@@H]2[C@@H]1C[C@@H](N)[C@@H](F)[C@@H]3[C@H]1OVL_AD
FR
abs
S
abs N+
R
abs
F
?
?
OH
NH
S
abs
R
abs
? Sabs
O
R
abs
NN
?
VC_AD_388 C[C@H]1[C@@H](/C=C\[C@@H](F)[C@H](CF)[N+]#CO)[C@@H]2N[C@@H]3CO[C@@H]1[C@H]([C@H]2C1=NN=C=C1)[C@@H]3CVL_AD
F
R
abs S
abs
N
N+
S
abs
N ?
?
N
H
?
?
OH
S
abs
S
abs
R
abs
S
abs
F
OH
VC_AD_415 CCC=C[C@@H]1[C@H](C)[C@H](O)[C@@H]2C3C4=C=NN=C4[C@H](F)[C@@H]([N+]#CO)[C@]31N[C@@H](C)[C@H]2FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 157
F
R
abs S
abs
N
N+
S
abs
N ?
?
N
H
?
?
OH
S
abs
S
abs
R
abs
S
abs
F
OH
F
R
abs
Sabs
N
N+
?
R
abs
N
?
NH
S
abs
F
OH
R
abs
Sabs
?
R
abs
R
abs
OH
VC_AD_426 C[C@@H](F)[C@]([N+]#CO)([C@@H](F)C1=NN=C=C1)[C@@]12C[C@H]3[C@@H](O)[C@@H](C=C[C@@H]3[C@@H](C)N1)[C@H]2CVL_AD
F
R
abs
R
abs
N+
R
abs
?
F
NH
?
S
abs
OH
N
?
R
abs
S
abs
N
?
S
abs
OH
VC_AD_432 C[C@H]1N[C@H]2C3C4=C=NN=C4[C@H](F)[C@@]2([N+]#CO)[C@H](F)C=CC[C@H](C)[C@H](O)[C@H]3[C@H]1CVL_AD
F
R
abs
Rabs
N
N+
?
R
abs
NH
S
abs
N
H
?
F
S
abs
OH
?
R
abs
S
abs
R
abs
OH
VC_AD_435 C[C@H]1N[C@@]23[C@@H]4C=C[C@@H](F)[C@]2([N+]#CO)[C@@H](F)c2n[nH]cc2[C@H]3[C@H]([C@@H]1C)[C@@H](O)[C@H]4CVL_AD
F
R
abs
S
abs
N
N+
R
abs
N
?
?
N
?
?
OH
R
abs
R
abs
S
abs
?
R
absS
abs
F
OH
VC_AD_439 C[C@H]1[C@@H]2[C@H](C)[C@H](O)[C@@H]3C4C5=C=NN=C5[C@H](F)[C@@H]([N+]#CO)[C@@]24N([C@H]1C)[C@H](C)[C@H]3FVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 158
F
R
abs
Rabs
N
N+
?
R
abs
NH
S
abs
N
H
?
F
S
abs
OH
?
R
abs
S
abs
R
abs
OH
F
R
abs
S
abs
N
N+
R
abs
N
?
?
N
?
?
OH
R
abs
R
abs
S
abs
?
R
absS
abs
F
OH
VC_AD_439 C[C@H]1[C@@H]2[C@H](C)[C@H](O)[C@@H]3C4C5=C=NN=C5[C@H](F)[C@@H]([N+]#CO)[C@@]24N([C@H]1C)[C@H](C)[C@H]3FVL_AD
F
R
absR
abs
R
abs
OH
R
abs
?R
abs
R
abs
? N+
?
N+
S
abs
?
R
absR
abs
R
abs
N2H
OH
VC_NP_458 CC#[N+][C@@H]1C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1[C@@H](F)[C@H](O)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3OVL_NP
F
S
abs
R
abs
?
O
?
?
R
abs
Rabs
S
abs
N+
Rabs
N+
?
RabsR
abs
R
abs
N 2H
OH
VC_NP_462 CC#[N+]C[C@@H]1[C@@H]2[C@@H]([C@@H](C)N)[C@@H](C)[C@@H]3[C@H]2[C@@H]2[C@@H](OC[C@H]([C@H]3O)[C@@]2(C)[N+]#CC)[C@@H]1FVL_ P
Structure ID Smiles Class
 
 
 
 
Page: 159
F
S
abs
R
abs
?
O
?
?
R
abs
Rabs
S
abs
N+
Rabs
N+
?
RabsR
abs
R
abs
N 2H
OH
FR
abs
?
R
abs
S
abs
?
S
abs
N 2H
R
abs
R
abs
?
R
abs
S
abs
R
abs
N+F
R
absN+
VC_NP_316 C#[N+][C@]1(C)[C@H](C)[C@H](N)[C@H]2[C@H]3[C@H]4[C@H](CC[C@@](C)([N+]#CC)[C@H]4C[C@H](F)[C@@H]31)[C@@H](C)[C@@H]2FVL_NP
F
S
abs
S
absS
abs
R
abs
?
Rabs
R
abs
N+
R
abs
Rabs
?N+
R
abs
S
abs
N 2H
F
VC_NP_323 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@]13[C@@H]1[C@@H]2CC[C@H](F)[C@@H]1[C@](C)([N+]#CC)[C@H](C)[C@H]3FVL_NP
F
SabsN
S
abs
?
Rabs
SabsR
abs
R
abs
?
N+
S
abs
Rabs
R
abs
F
R
absN+
VC_NP_334 CC#[N+][C@]1(C)C[C@@H](C)[C@H]2[C@@H](C)N3[C@@H]4[C@@H]2[C@@H]1C[C@H](F)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3FVL_ P
Structure ID Smiles Class
 
 
 
 
Page: 160
F
SabsN
S
abs
?
Rabs
SabsR
abs
R
abs
?
N+
S
abs
Rabs
R
abs
F
R
absN+
FRabs
R
abs
Rabs?
R
abs
N+R
abs
?
R
abs
S
abs
?
R
abs
N+
F
R
abs
N2H
VC_NP_421 CC#[N+][C@]1(C)C[C@@H](N)[C@H]2[C@@H](C)[C@@H]3[C@@H]4[C@@H]2[C@@H]1C[C@@](C)(F)[C@@H]4[C@](C)([N+]#CC)C[C@H]3FVL_NP
F
R
abs
?
N
N+
S
abs
R
abs
OH
?
R
abs
S
abs
R
abs
R
abs
N 2H
N 2H
VC_AD_310 C#[N+][C@]12[C@@H](F)/C(=N/O)C(=C)[C@@H]3[C@H](CC(C)(C)N)C[C@@H](C)[C@@H]([C@H](N)C[C@@H]1C)[C@@]32CVL_AD
OH
S
abs
?
S
abs
R
abs
R
abs S
absR
abs?
R
abs N+
?R
abs
R
abs
?
N2H
N+
VC_NP_375 CC#[N+][C@@]12C=C[C@H]3C[C@H]1[C@@H]1[C@H]([C@@H](C)[C@@]45C=C[C@@]([N+]#CC)([C@H](C)[C@H]4O)[C@@H]3[C@@H]15)[C@H](N)C2VL_NP
N+
RabsR
abs
Rabs
Rabs? ?
S
abs
N 2H
R
abs
S
abs
R
abs
R
abs
N+
VC_NP_429 C#C[C@@]1([N+]#CC)C[C@@H](N)[C@H]2C(C)=C3[C@@H]4[C@@H]2[C@@H]1C[C@H](C)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3CVL_NP
Structure ID Smiles Class
 
 
 
 
Page: 161
OH
S
abs
?
S
abs
R
abs
R
abs S
absR
abs?
R
abs N+
?R
abs
R
abs
?
N2H
N+
N+
RabsR
abs
Rabs
Rabs? ?
S
abs
N 2H
R
abs
S
abs
R
abs
R
abs
N+
VC_NP_429 C#C[C@@]1([N+]#CC)C[C@@H](N)[C@H]2C(C)=C3[C@@H]4[C@@H]2[C@@H]1C[C@H](C)[C@@H]4[C@](C)([N+]#CC)[C@H](C)[C@H]3CVL_NP
OO
?
?
? OH?
?O
O
O
O
OH
VC_AD_140 C=CC12COC(=O)C(=C)C1C(O)C(C(=C)C(=O)OC)C(OC(=O)C(=C)CO)C2VL_AD
OO
?
?
? OH?
?O
O
O
O
OH
VC_NP_142 C=CC12COC(=O)C(=C)C1C(O)C(C(=C)C(=O)OC)C(OC(=O)C(=C)CO)C2VL_NP
Structure ID Smiles Class
 
 
 
 
Page: 162
OO
?
?
? OH?
?O
O
O
O
OH
F R
abs
S
abs
N
N+ Rabs
N
?
?
Rabs
?
N2H ?
F
R
absSabs F
R
abs
OH
N 2H
VC_AD_352 NC#[N+][C@]1(CCF)[C@@H](F)C2=NN=C=C2C2[C@H]3[C@@H](O)[C@H]4C[C@@](N)(C=C[C@H]4[C@@H]21)[C@H]3FVL_AD
F Rabs
R
abs
N
N+
?
N ?
?
S
abs
NH
F
Rabs
S
abs
N 2H
? R
abs
S
abs
F
OH
VC_AD_359 C[C@H]1N[C@@]23C4C5=C=NN=C5[C@@](F)(C=C[C@@H]2[C@H](C)[C@H](O)[C@H]4[C@@H]1F)[C@]3(CF)[N+]#CNVL_AD
F
R
abs
R
abs
S
abs
OHSabs
?
R
abs
S
abs
S
abs
F Rabs
N+
R
abs
N 2H
F
NHF
VC_AD_328 C#[N+][C@H]([C@@H](C)F)[C@H]1[C@H](C)[C@@](C)(F)[C@H](O)[C@@H]([C@H](F)[C@@H](C)N)[C@H]1C(=C)C(=N)CFVL_AD
Structure ID Smiles Class
 
 
 
 
Page: 163
F
R
abs
R
abs
S
abs
OHSabs
?
R
abs
S
abs
S
abs
F Rabs
N+
R
abs
N 2H
F
NHF
O
OH
OH
OH
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row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O O
?
O
?
O
O
Sabs
O
O
O
VC_AD_159
O
OH
OH
O
CCC=C(C)CCC=C(C)Oc1cc(O)c2c(c1)Cc1cc(C)cc(O)c1C2=OVL_AD 1 0 A
VC_AD_16
O
?
?
CC(=O)C1=C2C(C)(C)C3CCC2(C3)C(C)(C)CC1VL_AD 1 0 A
VC_AD_160
O
O
OH
OH
OH OH
C=CC(C)(C)c1c(O)c(CC=C(C)C)c(O)c2c1oc1c(O)c(O)ccc1c2=OVL_AD 0 N
VC_AD_161
O
O
OH OH
O
OH
O
COc1cc(OC)c(-c2oc3cc(O)cc(O)c3c(=O)c2CC=C(C)C)cc1OVL_AD 1 0 A
VC_AD_162
O
O
O
OH
O
OO
COc1cc2c(c(C)c1C(=O)C=C(C)C)OC(=O)c1c(C)cc(O)c(C=O)c1O2VL_AD 1 0 A
VC_AD_163
O
O
R
absS
abs
O
?
O
O?
O
?
O
OH
CC=C(C)C(=O)O[C@H]1CC(C)C2(O)CCC(C)(C[C@H]3OC(=O)C(COC(C)=O)=C31)O2VL_AD 1 0 A
VC_AD_164
OS
abs
O OH
OH
O
OO
COc1cc(OC)c([C@@H]2CC(=O)c3c(O)cc(O)c(CC=C(C)C)c3O2)c(OC)c1VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O
R
absS
abs
O
?
O
O?
O
?
O
OH
VC_AD_164
OS
abs
O OH
OH
O
OO
COc1cc(OC)c([C@@H]2CC(=O)c3c(O)cc(O)c(CC=C(C)C)c3O2)c(OC)c1VL_AD 1 0 A
VC_AD_165
O
O
?
?
??
OH
O
O
O
CC(=O)OC1CC(OC(C)=O)C2(C)c3cc4occc4c(C)c3CCC2(O)C1(C)CVL_AD 1 0 A
VC_AD_166
O
O??
?O
O
O
O
OH
O
C=C(CO)C(=O)OC1CC(COC(C)=O)=CCCC(C(C)=O)=CC2OC(=O)C(=C)C21VL_AD 0 1 N
VC_AD_167
O
O??
?
?
?
O
O
O
O
O
OH
C=CC1(COC(C)=O)CC(OC(=O)C(=C)CO)C2C(=C)C(=O)OC2C1C(=C)C(C)=OVL_AD 0 1 N
VC_AD_168
O
O??
?
?
O OH
O
?
O
C=CC1=CCCC(CO)=CC2OC(=O)C(=C)C2C(CC(=O)C(C)CC)C1OC(C)=OVL_AD 0 1 N
VC_AD_169
O
OH
OH
S
abs
OH
OH
C=C(C)[C@@H](O)Cc1cc(C(=O)C=Cc2ccc(O)c(CC=C(C)C)c2)c(O)cc1OVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
OH
OH
S
abs
OH
OH
VC_AD_17
OO
O
C=C(C)c1cc2c(o1)C(=O)c1ccccc1C2=OVL_AD 1 0 A
VC_AD_170
O
O ? ?
NH
?
?
?
?
OH
CCCCCC=CC(=O)OC1CC2C(CCCCC(O)CCC)CCCC2NC1CVL_AD 1 0 A
VC_AD_171
S
O
O
NH
O
O
Rabs
O
O
O
C[C@]12CCC(=O)c3coc(c31)C(=O)c1cc3c(cc12)C(=O)C1=C(C3=O)S(=O)(=O)CCN1VL_AD 0 A
VC_AD_172
O?
?
?
OH
?
?
OH
?
?
O
O
O
O
O
COC(=O)C1c2ccoc2CC2C1C(OC(C)=O)C(O)C1(O)C(C)(C)CCC(=O)C21CVL_AD 1 0 A
VC_AD_173
O
O
OH O
OH
OH
CC(C)=CCc1c(=O)c2c(O)cc3c(c2oc1-c1ccc(O)cc1O)C=CC(C)(C)O3VL_AD 1 0 A
VC_AD_174
OO
?
?
? ?OH
?
O
O
C=C1c2ccoc2CC2C1CCC1(O)C(C)(C)CC(CC(C)=O)C(=COC(C)=O)C21CVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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OO
?
?
? ?OH
?
O
O
VC_AD_175
O
?
?
?
O
O
?
?
O
OH
O
O
CC(=O)OC=C1CCC(C)(C)C2(O)CC(OC(C)=O)C3C(=O)c4ccoc4CC3C12CVL_AD 1 0 A
VC_AD_176
O
?
?
?
OH
?
?
O
O
O
O
O
COC(=O)C=C1c2ccoc2CC2C1CC(OC(C)=O)C1(O)C(C)(C)CCC(=O)C21CVL_AD 1 0 A
VC_AD_177
OO
?
?
?
OH
?
OH?
?
?
O
O
O
C=C1c2ccoc2CC2C1C(O)C(OC(C)=O)C1(O)C(C)(C)CCC(OC(C)=O)C21CVL_AD 1 0 A
VC_AD_178
O
O OH
OHR
abs
OH
OH
C=C(C)[C@H](CC=C(C)C)Cc1c(O)cc(O)c2c(=O)cc(-c3ccc(O)cc3O)oc12VL_AD 1 0 A
VC_AD_179
O
S
abs
OH
OH
OH
O
COc1cc2cc3c(c(O)c2c(O)c1CC=C(C)CCC=C(C)C)C(=O)C[C@@](C)(O)C3VL_AD 1 0 A
VC_AD_18
O
?
?
?
O
?
O C=C1C(=O)OC2C1CCC1(C)C=CC(=O)C(=C)C21VL_AD 0 1 N
VC_AD_180
O
OH N
OH
OH
CC(C)=CCCc1ccc(O)c2c1c(=O)c1c(O)c(CCC=C(C)C)c(O)cc1n2CVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
?
?
O
?
O
VC_AD_180
O
OH N
OH
OH
CC(C)=CCCc1ccc(O)c2c1c(=O)c1c(O)c(CCC=C(C)C)c(O)cc1n2CVL_AD 1 0 A
VC_AD_181
O
OH
?Sabs
?
?
?O
C=C1CCC2(C=O)CC[C@]3(C)C4=CC=C5C(C)=C(O)C(=O)C=C5C4(C)CCC3(C)C2C1VL_AD 1 0 A
VC_AD_182
O
O OH
OH
OH
O
?
?
O
?
COc1cc(O)c2c(=O)c3c(O)ccc(O)c3oc2c1CC1C(C)(C)C2CCC1(C)O2VL_AD 1 0 A
VC_AD_183
O
O
S
abs
?O ? ? N
O
O
O
CCCC(=O)OC1C2c3cc4c(cc3CN3CCC(=C[C@@H]1OC(=O)CCC)C23)OCO4VL_AD 0 1 N
VC_AD_184
O
O
?
?
?
?
?
?
?
O
O
?
OH
OH
O
O
C=C1C(=O)OC2C(OC(=O)C(C)=CC)C1C(OC(=O)C(C)C)C1C(C)(O)CCC(O)C21CVL_AD 1 0 A
VC_AD_185
O
?
R
abs?
?
O
?
O
?
?
?
O
O
O
CC1(C)C(=O)C=C[C@@]2(C)C3CCC4(C)C(c5ccoc5)OC(=O)C5OC54C3(C)C(=O)CC12VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
R
abs?
?
O
?
O
?
?
?
O
O
O
VC_AD_186
S
OO
N
H
O
O
?
O
?
?
O
OH
?
CC12COC3(O)C(=O)c4cc5c(cc4C(C)(CCC1)C23)C(=O)C1=C(C5=O)S(=O)(=O)CCN1VL_AD 1 0 A
VC_AD_187
O
&1
OH
OH
O
OH
O
OH
O
P
COc1cc(O)c(C(C)=O)c(O)c1-c1c(C)cc(O)c2c1C(=O)c1cccc(O)c1C2=OVL_AD 1 0 A
VC_AD_188
O
O
OH OH
OH
?
OH
O ?
OH
OHOH
O=C(Oc1cc(C2Oc3cc(O)cc(O)c3CC2O)ccc1O)c1cc(O)c(O)c(O)c1VL_AD 1 0 A
VC_AD_189
O
O
?
O
OH
O?
?
OH
?
OH
?OH
OH
OH
OH
CC1OC(Oc2c(=O)c3c(O)cc(O)cc3oc2-c2ccc(O)c(O)c2)C(O)C(O)C1OVL_AD 1 0 A
VC_AD_19
N
N
Cn1c2c3ccccc3nc-2cc2ccccc21VL_AD 1 0 A
VC_AD_190
O
?
OH
O
OH
O
?
OH
O
?
OH
?
OH?
?
OH
OH
CC1OC(Oc2cc3c(c(O)c2O)C(=O)CC(c2ccc(O)c(O)c2)O3)C(O)C(O)C1OVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
OH
O
OH
O
?
OH
O
?
OH
?
OH?
?
OH
OH
VC_AD_191
O
O
OH
OH
O
O O
COc1cc2c(=O)c3c(O)c(CC=C(C)C)c4c(c3oc2c(O)c1OC)C=CC(C)(C)O4VL_AD 1 0 A
VC_AD_192
O
?
?
?
?
O
S
abs
?
?
O
O
??
?
O O
S
abs
OH
CC12C=CC(=O)C3(C)C1C(=C[C@@]1(C)C45OC4CC(C4=C[C@@H](O)OC4=O)C5(C)CC4OC431)OC2VL_AD 1 0 A
VC_AD_193
O
OH
???
OH
OH
CC(C)C1=CC2=CC=C3C(C)(C)CC(CC(C)c4ccc(O)c(O)c4)CC3(C)C2=C(O)C1=OVL_AD 1 0 A
VC_AD_194
O
?
?
?
OH
OH
CC(C)=CCCC(C)=CCCC(C)=CCCC1(C)C(CCCO)C(=C(C)C=O)CCC1(C)OVL_AD 1 0 A
VC_AD_195
O
O
? ?
? ?
?
O
?O
?
OH
O
O
O
CC(=O)OC=C1CCC(C)(C)C2(O)C(OC(C)=O)C3OC(=O)C4c5ccoc5CC(C34)C12CVL_AD 1 0 A
VC_AD_196
O
OH
??
?
?
?
S
abs
?
?
OH
CC1(C(=O)O)CCC2(C)CCC3(C)C4=C(CCC3(C)C2C1)[C@@]1(C)CCC(O)C(C)(C)C1CC4VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
OH
??
?
?
?
S
abs
?
?
OH
VC_AD_197
O
?
?
?
??
?
?
??
OHOH
C=C(C=O)C1CCC2(C)CCC3(C)C(CCC4C5(C)CCC(O)(O)C(C)(C)C5CCC43C)C12VL_AD 1 0 A
VC_AD_198
O
O
?
?
?
?
?
?
N
?
?
N
CC(C)=CCC(=O)OC1CC2C(CC=C3CC(N(C)C)CCC32C)C2CCC3CN(C)CC321VL_AD 1 0 A
VC_AD_199
O
O
OO
O
O
O
O
O
O
COc1cc(C=C2Oc3cc(OC(C)=O)cc(OC(C)=O)c3C2=O)cc(OC)c1OC(C)=OVL_AD 1 0 A
VC_AD_2
Cl
?
? OHN2H
N
NH
N 2H
NCC(Cl)C(O)c1c[nH]c(N)n1VL_AD 1 0 A
VC_AD_20
O
O
OH
CC(C)=CCC1=C(O)c2ccccc2C(=O)C1=OVL_AD 1 0 A
VC_AD_200
O?
O O
OH?
O
OH
C=C(C)C(CC=C(C)C)Cc1c(O)cc(OC)c2c1OC(c1ccc(O)cc1OC)CC2=OVL_AD 1 0 A
VC_AD_201
N
?
?
NH
?
? NHN
H
CCC1CN2CCc3c4ccccc4[nH]c3C2CC1CC1NCCc2c3ccccc3[nH]c21VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O?
O O
OH?
O
OH
VC_AD_201
N
?
?
NH
?
? NHN
H
CCC1CN2CCc3c4ccccc4[nH]c3C2CC1CC1NCCc2c3ccccc3[nH]c21VL_AD 1 0 A
VC_AD_202
OH
N
H
N
??
N
NH
CC=C1CN2CCc3c4ccccc4[nH]c3C2CC1Cc1nccc2c3cc(O)ccc3[nH]c21VL_AD 1 0 A
VC_AD_203
O
OH
OH
OH
CC(C)=CCc1c(C)c(CC=C(C)C)c2c(c1O)C(=O)c1c(O)cc(O)c(CC=C(C)C)c1C2VL_AD 1 0 A
VC_AD_204
O
OHS
abs
OH
OH
CC(C)=CCc1c(C)c(CC=C(C)C)c2cc3c(c(O)c2c1O)C(=O)C=C(O)[C@H]3CC=C(C)CVL_AD 1 0 A
VC_AD_205
OOH
O
O
OH OH
CC(C)=CCc1c(O)cc2oc3c(c(=O)c2c1O)C(CC=C(C)C)(CC=C(C)C)C(=O)C(O)=C3VL_AD 1 0 A
VC_AD_206
O
O
R
absN
H
O
O
O
COc1ccc([C@H](CNC(=O)C=Cc2ccccc2)OC(=O)C=Cc2ccccc2)cc1OCVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O
R
absN
H
O
O
O
VC_AD_207
Br
O
O
Br
Rabs
ON
O
N
H
O
Br
Br
NH
CNCCc1cc(Br)c(OCCCNC(=O)C2=NO[C@]3(C2)CC(Br)=C(OC)C(Br)=CO3)c(Br)c1VL_AD 0 1 N
VC_AD_208
O
O?
?
O
?
??
?
Sabs
O?
O
?
??
OH
?
OHOH
?
OH
CCC(C)C(=O)OC1C(=O)OC2C[C@H]3C(C)=CC(O)C(O)C3(C)C3C(O)C(O)C4(C)OCC23C14VL_AD 1 0 A
VC_AD_209
O
?
OH?
R
abs
?
?
??
O
?
O
OH
??
O
OH
?
O
O
CC=C(C)C(=O)OC1C2OC(=O)CC3C(C)C(O)C4(O)OCC32C4C2(C)C(O)C(=O)C=C(C)[C@@H]12VL_AD 1 0 A
VC_AD_21
O
O ?
?
?
OH
?
OH
C=C1C(=O)OC2C=C(C)C(O)CCC(C)=CC(O)C12VL_AD 0 1 N
VC_AD_210
O
O
N
H
?
?
?N
O
O
CCC1CN2CCc3cc(OC)c(OC)cc3C2CC1CC1=C2C=C(OC)C(=O)C=C2CCN1VL_AD 1 0 A
VC_AD_211
O
O
?N
?
?
?
NH
O
OH
CCC1CN2CCc3cc(OC)c(OC)cc3C2CC1CC1NCCc2cc(O)c(OC)cc21VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O
?N
?
?
?
NH
O
OH
VC_AD_212
OH
?
?
?
?
?
?
OH
?
S
abs
?
OH
?
OH
CC(CC=CC(C)(C)O)C1CCC2(C)C3[C@@H](O)C=C4C(CCC(O)C4(C)C)C3(C)CC(O)C12CVL_AD 1 0 A
VC_AD_213
O
OHO
O
OH
OH
CC(C)=CCc1c(O)cc2oc3c(CC=C(C)C)c(O)c4c(c3c(=O)c2c1O)C=CC(C)(C)O4VL_AD 1 0 A
VC_AD_214
O
?
? O
?
?
?
OH
O??
O
O
OO
O
CC(=O)OC1C(OC(C)=O)C(C)(C)C2(O)CCC3C(=O)c4ccoc4CC3C2(C)C1OC(C)=OVL_AD 1 0 A
VC_AD_215
O
O
?
??
O
O
? OH
OH
?OH
OH
O
OH
O
OH
OH
COc1cc(C(=O)OC2C(O)C(CO)OC3c4c(O)c(O)c(O)cc4C(=O)OC23)cc(O)c1OVL_AD 1 0 A
VC_AD_216
O
N
H
?
?
O ?
?
O
?
?
?
?
? ?
NH
CC=C(C)C(=O)NC1CCC2(C)C3CCC4(C)C(C(C)NC)CCC4C3CCC2C1OC(C)=OVL_AD 1 0 A
VC_AD_217 O
?
?
??
?O
?
O
??
O
?
O
O
CC(=O)OC1CC2C(C)(C)C(=O)C=CC2(C)C2CCC3(C)C(c4ccoc4)C(=O)C4OC43C12CVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
?
??
?O
?
O
??
O
?
O
O
VC_AD_218
O?
OH
?
?
S
abs
O
? ?
?
?
O
O
O
O CC(=O)OC1CC2(C)C(c3ccoc3)CC3OC32C2(C)C(=O)C(O)=C3C(C)(C)C(=O)C=C[C@@]3(C)C12VL_AD 1 0 A
VC_AD_219
NN
N
N
Cn1c2nc3ccccc3c-2c(-n2c3ccccc3c3nc4ccccc4cc32)c2ccccc21VL_AD 1 0 A
VC_AD_22
O
?
S
abs
O?
OOH
CC(=CCO)C1CC2C(C)(C)C(=O)C=C[C@]2(C)OO1VL_AD 1 0 A
VC_AD_220
O
O?
?
OH
N
H
O
?
OH
?
O
?
?
N
H
OH
?
NH
O
CC(C)CC(NC(=O)C(O)C1OC(C)(O)C2(C)NC(=O)CC1N2)C1Cc2cccc(O)c2C(=O)O1VL_AD 0 1 N
VC_AD_221
O
OH
OH
OH
OH
CC(C)=CCC1=C(O)C(CC=C(C)C)(CC=C(C)C)c2cc3c(O)c(C)cc(O)c3c(O)c2C1=OVL_AD 1 0 A
VC_AD_222
OO?
O
?
OHOH
?
OH?
OH
O
?
OH
OH
O
O
O
COc1cc(OC2OC(COC(=O)c3cc(O)c(O)c(O)c3)C(O)C(O)C2O)cc(OC)c1OCVL_AD 1 0 A
VC_AD_223
O
NH
S
abs
N
N
NH
CCCCCCCCCCCCCCC[C@H]1CC(=O)NCCCN(C)CCCCNCCCN1CVL_AD 0 1 N
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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OO?
O
?
OHOH
?
OH?
OH
O
?
OH
OH
O
O
O
VC_AD_223
O
NH
S
abs
N
N
NH
CCCCCCCCCCCCCCC[C@H]1CC(=O)NCCCN(C)CCCCNCCCN1CVL_AD 0 1 N
VC_AD_224
OO
?
?
N
?O
O
O
?
?
?
?
O
OH
CCCCC(C)CC(C)C(=O)N1CCCC1C(=O)OC(C(=O)OC(C(=O)O)C(C)CC)C(C)CCVL_AD 1 0 A
VC_AD_225
O
?
??
Sabs
??
OH? OO
ORabs
O
OH
?
O
COC(=O)[C@@]1(C)C=CC(=O)C2(C)C(CC(=O)O)C3(C)C4=C(C)C(c5ccoc5)C[C@H]4OC3C(O)C21VL_AD 1 0 A
VC_AD_226
O
OH
O OH
OH
O?
O
?OH
O
OH
COc1cc(C2Oc3cc(-c4oc5cc(O)cc(O)c5c(=O)c4O)ccc3OC2CO)ccc1OVL_AD 0 1 N
VC_AD_227
O
OH
?
?
?
?
OH
?
?
?
?
?
?
?OH
OH
CC1CCC2(C(=O)O)CCC3(C)C(=CCC4C5(C)CC(O)C(O)C(C)(C)C5CCC43C)C2C1(C)OVL_AD 1 0 A
VC_AD_228 O
?
S
abs
?
?
O
?
R
absO
O
?
O
?
O
CC(=O)OC1C(OC(C)=O)[C@@]2(C)C3=CCC(c4ccoc4)C3(C)CCC2[C@]2(C)C=CC(=O)C(C)(C)C12VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
S
abs
?
?
O
?
R
absO
O
?
O
?
O
VC_AD_229
O
O?
?
O
?
??
?
Rabs
O
O
?
??
O
OH
OH
?
OHOH
O
CC1=CC(=O)C(O)C2(C)C3C(O)C(O)C4(C(=O)O)OCC35C4C(OC(=O)CC(C)C)C(=O)OC5C[C@H]12VL_AD 1 0 A
VC_AD_23
O
O
?
?
?
OH
NH
O
COc1ccc(CC2NCC(O)C2OC(C)=O)cc1VL_AD 1 0 A
VC_AD_230
O
NH
? N
H
N
N?
OH
CCCCCCCCCC(O)CCCCCC1CC(=O)NCCCN(C)CCCCN(C)CCCN1VL_AD 0 1 N
VC_AD_231
O
OH O
O
OH
OH
OH
COc1c(O)cc2oc3cc(O)c(CC=C(C)CO)c(O)c3c(=O)c2c1CC=C(C)CCC=C(C)CVL_AD 1 0 A
VC_AD_232
O ?
?
?
?
R
abs
?
?
?
O
?
OH
O
?
O
O
C=C(C)C(=O)OC1CC2C3(C)C(=O)C=CC4(C)COC(C43)C(O)[C@@]2(C)C2=CCC(c3ccoc3)C21CVL_AD 1 0 A
VC_AD_233
O O
?
?
O ? ?
?
?
?
O
O?
S
abs
?
?
OO
OH
OH
O
O
COC(=O)C12OCC34C1C(OC(C)=O)C(=O)OC3CC1C(C)C=C3OC(=O)C=C3[C@]1(C)C4C(O)C2OVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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VC_AD_234
N
?
S
abs ?
NH
NH
NH
CNCCc1c2ccccc2[nH]c1C1C2[C@H](C=C(C)CC2(C)C)c2c(CCNC)c3ccccc3n21VL_AD 0 1 N
VC_AD_235
N
NN
N
Cn1c2c3ccccc3nc-2c(-c2c3nc4ccccc4c-3n(C)c3ccccc32)c2ccccc21VL_AD 1 0 A
VC_AD_236
O
OH
S
abs
C=C(C[C@@]1(C(C)C)CC=C(C)CC1)c1c(CCCCC)cc2c(c1O)-c1cc(C)ccc1C(C)(C)O2VL_AD 1 0 A
VC_AD_237
S
N
?
NH
?
O
N
H
O
?
N
O
O
N
?
?
S
abs
NH
O
CCC(C)C1NC(=O)c2coc(n2)C(C(C)C)NC(=O)[C@H]2N=C(OC2C)C(C)NC(=O)c2csc1n2VL_AD 1 0 A
VC_AD_238
O OHOH
R
abs
O
O
OH
OH
Cc1cc(O)c2c(c1)C(=O)c1ccc([C@@H]3c4cccc(O)c4C(=O)c4c(O)cc(C)cc43)c(O)c1C2=OVL_AD 1 0 A
VC_AD_239
O
S
abs
O OH
O
O
OH
OH
CC(C)=CCc1c2oc3c(c(=O)c2c(O)c2c1OC(C)(C)C=C2)[C@H](C=C(C)C)Oc1cc(O)c(O)cc1-3VL_AD 1 0 A
VC_AD_24
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N
H
O
N
H
N
O
NH
N2H
NC1=NC(=CCCNC(=O)c2cc(Br)c[nH]2)C(=O)N1VL_AD 1 0 A
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VC_AD_24
Br
N
H
O
N
H
N
O
NH
N2H
NC1=NC(=CCCNC(=O)c2cc(Br)c[nH]2)C(=O)N1VL_AD 1 0 A
VC_AD_240 O
? ?
? O
??
R
absO
O
?
O
?
?
O
? OH
CC(=O)OC1CC(=O)C(C)(C)C2CC(OC(C)=O)[C@@]3(C)C4=CCC(C5COC(O)C5)C4(C)CCC3C12CVL_AD 0 1 N
VC_AD_241
N
?
?N
NH
NH
CNCCc1c(C=CC2(C)CC(C=C(C)C)c3c(CCN(C)C)c4ccccc4n32)[nH]c2ccccc21VL_AD 1 0 A
VC_AD_242
O
?
?
?
O
?
O
O
OH
OH
OH
OH
O=C1c2ccc(O)cc2OC(c2ccc(O)cc2)C1C1C(=O)c2ccc(O)cc2OC1c1ccc(O)cc1VL_AD 0 1 N
VC_AD_243
O
O
OH
OH
OH
OH
CC(C)=CCCc1cc2c(=O)c(CCC=C(C)C)c(-c3cc(O)c(O)cc3O)oc2c(CCC=C(C)C)c1OVL_AD 1 0 A
VC_AD_244
O
OH
? ?
N?
O
?
NH
NH
O
O
COc1cc2[nH]c3c(c2cc1OC)CCNC31CCC2(CC3c4c2c(O)c(OC)cc4CCN3C)CC1OCVL_AD 1 0 A
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O
O
?
?
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O O
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OH
O
COC(=O)C12OCC34C1C(OC(=O)C=C(C)C(C)C)C(=O)OC3C[C@H]1C(C)=C(O)C(=O)CC1(C)C4C(O)C2OVL_AD 1 0 A
VC_AD_246
O
?
?
?
?
?
OH
?
OH
OH
OH??
??
?
?
?
?
CCC(CCC(C)C1CCC2C3CC=C4CC(C5OC(CO)C(O)C(O)C5O)CCC4(C)C3CCC12C)C(C)CVL_AD 1 0 A
VC_AD_247
O
O
R
abs
?
?
O
?
?
O
O
?
?
OH
?
?
O
OO
O O
C=C1C2CCC3(C)[C@H](C4=CC(O)OC4=O)OC(=O)CC13OC1CC(=O)C(C)(C)C(C(OC(C)=O)C(=O)OC)C12CVL_AD 0 1 N
VC_AD_248
O
OH
O
? ?
?OH
?
?
O
OHO Cc1cc(=O)c(O)cc2c1CC1CC(O)C3(C)Oc4cc(O)c(=O)cc(C)c4CC3CC(C)(C)C=CCC1(C)O2VL_AD 1 0 A
VC_AD_249
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O ?
?
?
OH
?
OH
OH
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O
OH
O
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O
O
OH
COc1cc(C(OC2OC(CO)C(O)C(O)C2O)C(CO)Oc2c(OC)cc(CCCO)cc2OC)ccc1OVL_AD 1 0 A
VC_AD_25
O
O
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?
? O
?
O
?
C=C1C(=O)OC2CC3(C)OC3CCC3(C)OC3CC12VL_AD 0 1 N
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VC_AD_250
O
O OH
O
OH
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O
OOH
OH
O=c1cc(-c2ccc(Oc3c(O)cc(O)c4c(=O)cc(-c5ccc(O)cc5)oc34)cc2)oc2cc(O)cc(O)c12VL_AD 0 1 N
VC_AD_251
O?
OH
??
??
O
?
?
?
?
OH
OH
O
OO
CC(=O)OC(C)(C)C=CC(=O)C(C)(O)C1C(O)CC2(C)C3CC=C4C(CC(O)C(=O)C4(C)C)C3(C)C(=O)CC12CVL_AD 1 0 A
VC_AD_252
O
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?
?
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O
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O
?
O
?
O
O
O
S
absOH
CC12C=CC(=O)C3(C)C1C(OC2)C(OC(=O)c1ccccc1)C1(C)C2=CCC(C4=C[C@@H](O)OC4=O)C2(C)CC2OC231VL_AD 1 0 A
VC_AD_253
O
O
N
R
abs
NH
O
O
O
COc1ccc2cc1Oc1ccc(cc1)C[C@H]1NCCc3cc(OC)c4c(c31)Oc1cc3c(cc1O4)CCN=C3C2VL_AD 1 0 A
VC_AD_254
O
?
?
?
O
OH?
O
O
OH
OH
O
OH
OH
COc1ccc(C2Oc3cc(O)cc(O)c3C(=O)C2C2C(=O)c3c(O)cc(O)cc3OC2c2ccc(O)cc2)cc1VL_AD 0 1 N
VC_AD_255 O
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S
abs
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absO
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O
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O
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?
O
O
CC(=O)OC1OC(C2OC2(C)C)CC1C1CC=C2C1(C)CCC1[C@@]2(C)C(OC(C)=O)CC2C(C)(C)C(=O)C=C[C@]21CVL_AD 1 0 A
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VC_AD_256
N ?
?
?
S
abs
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?
N
?
N
?
N
CC=C1CN2CCC34c5ccccc5N5C=C6C7N(C=C([C@H]53)C1CC24)c1ccccc1C71CCN2CC(=CC)[C@H]6CC21VL_AD 1 0 A
VC_AD_257
O ?
O
?
OOH
?O
?
OH
?
OH?
?
O
OHOH
OH
O
CC1OC(OC2C(=O)c3c(O)cc(O)cc3OC2c2ccc(O)c(O)c2)C(O)C(OC(=O)C=Cc2ccccc2)C1OVL_AD 1 0 A
VC_AD_258
OH
NH
N
? ?
?
OH
?
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R
abs
Oc1cccc2c3ccnc(C4=CC5(O)CCC=CCCCCN6CCC4C4(C[C@@H]7C=CCCCCN7C45)C6)c3[nH]c21VL_AD 1 0 A
VC_AD_259
O
O OH
R
abs
O
OH
O
OH
CC(C)=CCCC(C)=CCc1c2c(c(O)c3c(=O)c4c(oc13)-c1c3c(c(O)cc1O)OC(C)(C)[C@@H]3C4)C=CC(C)(C)O2VL_AD 1 0 A
VC_AD_26
N
NH
Cc1c2[nH]c3ccccc3c2c(C)c2cnccc12VL_AD 1 0 A
VC_AD_260
O
O OH
O
&1
OH
O
OOH
O
M
C=C1C=C(c2ccc(OC)cc2)Oc2c1c(O)cc(OC)c2-c1cc(-c2cc(=O)c3c(O)cc(OC)cc3o2)ccc1OVL_AD 0 1 N
VC_AD_261
O
?
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O ?
OH
O
?
OH
OH
CC(C)=CCCC1(C)C(CC=C(C)C)CC2(CC=C(C)C)C(=O)C(=C(O)c3ccc(O)c(O)c3)C(=O)C1(CC=C(C)C)C2=OVL_AD 1 0 A
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VC_AD_261
O
?
?
O ?
OH
O
?
OH
OH
CC(C)=CCCC1(C)C(CC=C(C)C)CC2(CC=C(C)C)C(=O)C(=C(O)c3ccc(O)c(O)c3)C(=O)C1(CC=C(C)C)C2=OVL_AD 1 0 A
VC_AD_262
O?
O
? O
O
?
?
OH
OH
CC(C)=CCC1CC23CC(CC=C(C)C)C(C)(C)C(CC=C(C)C)(C(=O)C(C(=O)c4ccc(O)c(O)c4)=C2OC1(C)C)C3=OVL_AD 1 0 A
VC_AD_263
OO?S
abs? ?
?
?
?
O
O
R
abs
O
O
O
O
O
?
C=CC(C)=CCC1(C)C(C)CC(OC(=O)c2ccccc2)[C@@]23C(=C[C@H](OC(=O)C(C)CC)CC21)C(OC(C)=O)OC3OC(C)=OVL_AD 1 0 A
VC_AD_264
O O
?
?
?
O O
O
O?
O
O
N
?
?
N
O
O
CC=C1CN2C3CC45c6cc(OC)c(OC)cc6N(C)C4(O3)C2CC1C5(COC(=O)c1cc(OC)c(OC)c(OC)c1)C(=O)OCVL_AD 1 0 A
VC_AD_265
O
O
?
O
O
N
?
N
O
O
COc1ccc2cc1Oc1ccc(cc1)CC1c3c(cc(OC)c(OC)c3Oc3cc4c(cc3OC)CCN(C)C4C2)CCN1CVL_AD 1 0 A
VC_AD_266
O
O ?
?
?
OH
?
?
?
OH
?
?
?
?
?
O
OH
C=C(C)C1CCC2(C(=O)O)CCC3(C)C(C)(CCC4C5(C)CC(O)C(OC(=O)C=Cc6ccc(O)cc6)C(C)(C)C5CCC43C)C12VL_AD 1 0 A
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VC_AD_267
O
O ?
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?
N
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?
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?
R
abs
N
?
N
NH
?
?
CCCCCCCCC1CC2CNC3C(C(=O)OC(C)CCCCCCC[C@@H]4CC5CCC6CC(C)NC(=N4)N65)C(C)N=C(N1)N23VL_AD 0 1
VC_AD_268
Br
NH
?
N
ON
H
O
?
?
NH
O?
O
O
?
OH
?
CC1=CC(C)CC(C)OC(=O)CC(c2ccc(O)cc2)NC(=O)C(Cc2c(Br)[nH]c3ccccc32)N(C)C(=O)C(C)NC(=O)C(C)C1VL_AD 1 0 A
VC_AD_269
O
?
?
OH
?
?
?
?
O
OH
? ?
O ?
?
O
?
?
O
?
O ?
? ?
? O
OH
?
O
?
O
COC(C)C(C)(OC)C(O)C1CC(OC)C(C)C2(OC(C)(C3CCC(C4CCC(C5OC(C)(O)C(C)C(O)C5C)O4)O3)C(OC)C2C)O1VL_AD 1 0 A
VC_AD_27
O
?
S
abs
?
O
OH
?
O
CC(C)C12CCC(C)(OO1)C1=C([C@@H](C)CC1=O)C2OVL_AD 1 0 A
VC_AD_270
O
O ?
?
?
OH ?
?
??
?
O
O
R
abs
O
OH
O
O
O
O
C=CC(C)=CCC1(C)C(C)C(OC(=O)C=Cc2ccc(O)cc2)C(O)C23C(=C[C@H](OC(=O)CCC)CC21)C(OC(C)=O)OC3OC(C)=OVL_AD 1 0 A
VC_AD_271
O
O
?
?
O
N
O
N
OH
OH
O
O
COc1ccc(CC2c3cc(Oc4cc(OC)c(OC)cc4CC4c5cc(O)c(OC)cc5CCN4C)c(OC)cc3CCN2C)cc1OVL_AD 1 0 A
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VC_AD_272 OO
? N?
?
O ??
?
N
O ?
?
?
?
?
N
N
CC=C1CN2CCC34CC5C6CC7c8c(c9ccccc9n8C)CC(C6COC5(C)OC35C2CC1C(C(=O)OC)N5c1ccccc14)N7CVL_AD 1 0 A
VC_AD_273
O
N
?
?
?S
abs
N
??
?
? N
? ?N ?
?
OH
OO
O=C1CC2OCC=C3CN4C(C5=C[C@@H]6C7N(c8ccccc8C78CCN7CC(=CCO)C6CC78)C5=O)CC56c7ccccc7N1C5C2C3CC46VL_AD 1 0 A
VC_AD_274
O O ? ?
?
O
O
O ?
?
?
O
?
?
O
OO
OH
?
O
?
OH
O
O
CCCCCCCCCCCCCCCCOC1OC(COC(C)=O)C(O)C(O)C1OC1OC(C)C(OC(C)=O)C(OC(C)=O)C1OC(C)=OVL_AD 1 0 A
VC_AD_275
O
N?
?N O
N 2HO
?
N
H
O
?
O
N
O
??
C#CCCCCC(C)CC(C)C(=O)N(C)C(Cc1ccccc1)C(=O)NC(C)C(=O)N(C)C(C)C(=O)N(C)C(Cc1ccc(OC)cc1)C(N)=OVL_AD 1 0 A
VC_AD_276
O
O
O
?
N
O
?
O
N
OH
OH
O
O
COc1cc2c(c(Oc3ccc(CC4c5cc(OC)c(OC)c(O)c5CCN4C)cc3)c1OC)CC1c3c(c(O)c(OC)c(OC)c3-2)CCN1CVL_AD 1 0 A
VC_AD_277
O
?
O
?
?
?
?
OO
O
?
?
O?
O
O
O
O
O
O
O
CC(=O)OC1C(C)C(OC(=O)c2ccccc2)C2C=C(C)C(=O)C(OC(C)=O)CC(OC(C)=O)C(C)(C)CC=C(C)C(OC(C)=O)C21OC(C)=OVL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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VC_AD_278
O
O
?
?
N
H
N
?
?
?
O
NH
?
?
?
N
O
O
CC=C1CN(C)C2Cc3c4ccccc4[nH]c3C(c3cc4[nH]c5c(c4cc3OC)CCN3CC4CC(CC)C3C5(C(=O)OC)C4)CC1C2C(=O)OCVL_AD 1 0 A
VC_AD_279
O
O
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O
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?
OHOH
S
abs
O?
OH
?
O
?
?
OH?
O
?
OH
?
OH
O
?
?
OH
?
OH
OH
OH
C=C1C(O)C2(O)OCC34C2C2(C)C(O)[C@@H](OC(O)C5OC(OC6(CO)OC(CO)C(O)C6O)C(O)C(O)C5O)C=C(C)C2CC3OC(=O)C(O)C14OVL_AD 1 0 A
VC_AD_28
O
?
?
O
OH
? O
?
?
CC(C)C1CCC2(C)CC3OOC12C(O)C=C3C=OVL_AD 1 0 A
VC_AD_280
O
OH
?
O
O
OH
O O
O ?
O
OH
OH
O
O
CCC(C)C(=O)OC1(c2ccc3c(c2O)C(=O)c2c(C)c(C(=O)OC)c(O)cc2C3=O)c2cccc(O)c2C(=O)c2c(C)c(C(=O)OC)c(O)cc21VL_AD 1 0 A
VC_AD_281
O
OH ?
OH
?
OH
O
OHO
OH
CC(C)=CCCC(C)=CCc1c(O)cc2c(c1O)C(=O)c1c(O)cc(C)cc1C2C1c2cc(C)cc(O)c2C(=O)c2c(O)cc(OCC=C(C)C)cc21VL_AD 1 0 A
VC_AD_282
OO
R
abs
NNH
NH
N
H
NH
N2H
O
O
?
?
?
N
N
?
NH
?
CCCCCCCC1CC2CCC3C(C(=O)OCCCCCCCCC[C@H]4NC(=N)N5CCCC5=C4C(=O)OCCCCNC(=N)N)C(C)N=C(N1)N23VL_AD 0 1 N
VC_AD_283
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?
N
H
O
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O
?N
O
?
O
?
N
?O
?N
H
O
?
N
CCC(C)C(C(CC(=O)N1CCCC1C(OC)C(C)C(=O)NC(Cc1ccccc1)c1nccs1)OC)N(C)C(=O)C(NC(=O)C(C(C)C)N(C)C)C(C)CVL_AD 1 0 A
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SN
?
N
H
O
??
O
?N
O
?
O
?
N
?O
?N
H
O
?
N
CCC(C)C(C(CC(=O)N1CCCC1C(OC)C(C)C(=O)NC(Cc1ccccc1)c1nccs1)OC)N(C)C(=O)C(NC(=O)C(C(C)C)N(C)C)C(C)CVL_AD 1 0 A
VC_AD_284
O
O
?O
O
?
O
O ?
?
O H
?
? O H
O HN 2H
CCCCCCCCCCCCCCCCCCCC(=O)OC(COC(=O)CCCCCCCCCCCCCCC)COC1OC(CN)C(O)C(O)C1OVL_AD 1 0 A
VC_AD_285
OHSabs
?
NH
?
?
R
abs
N
N
NH
N
NH
O[C@@]12C=C(C3c4[nH]c5ccccc5c4CCN3CCc3nccc4c5ccccc5[nH]c43)[C@H]3CCN(CC34CCC=CCCCCNC41)CCCCC=CCC2VL_AD 1 0 A
VC_AD_286
O O
?
?
N
O
N
O
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?
O
O
O
O?
?
N O
CC(C)C1OC(=O)C(Cc2ccccc2)N(C)C(=O)C(C(C)C)OC(=O)C(Cc2ccccc2)N(C)C(=O)C(C(C)C)OC(=O)C(Cc2ccccc2)N(C)C1=OVL_AD 1 0 A
VC_AD_287
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O
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?
?
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O
?
O
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OH
N2H
N2H
CCC1C=CCCC2(CC3CCC4C(C(=O)OCCCCCCCCCCCCCCCC(=O)N(CCCN)CC(O)CCN)C5(CCCC(C)O5)N=C(N2)N34)O1VL_AD 0 1 N
VC_AD_288
O
OH
OH
OH
O
OH
OH
OH
CCC=C(C)CCC=C(C)c1c(O)cc2c(c1O)C(=O)c1c(O)cc(C)cc1C2=C1c2cc(C)cc(O)c2C(=O)c2c(O)c(C(C)=CCCC(C)=CCC)c(O)cc21VL_AD 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
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?
OH OHO COc1c2cc(C)c3c(c2c(O)c2c1C(OC1CC(C)(O)C(O)C(C)O1)CC(O)C2=O)OC1(OC2CC(O)C(O)(C(C)=O)C(C)O2)C2OC(C(OC)OC)(OC32)C12CO2VL_AD 1 0 A
VC_AD_29
O
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O
O
O
COc1cc2nc3occc3c(OC)c2cc1OCVL_AD 1 0 A
VC_AD_290
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abs
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N
H
?
CC1C2C(CC3C4CC=C5CC(OC6OC(CO)C(O)C(OC7OC(CO)C(O)C(O)C7O)C6OC6OC(C)C(O)C(O)C6O)CC[C@@]5(C)C4CCC32C)OC12CCC(C)CN2VL_AD 1 0 A
VC_AD_291
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?
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?OH
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OH
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?OH
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CC1(C)C=Cc2c(O)c(C(=O)C=Cc3ccc(O)cc3)ccc2O1VL_AD 1 0 A
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VC_AD_84
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O
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O
COc1ccc2c(c1)c1nccc3c1c(c2OC)N(C)C(=O)C3=OVL_AD 1 0 A
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O
COc1ccc2c(c1O)-c1c(OC)c(OC)cc3c1[C@H](C2)NCC3VL_AD 1 0 A
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COC(=O)C(=CCC1C2(CO2)CCC2C(C)(C)CCCC12C)C1CO1VL_AD 0 1 N
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COc1ccc2c(c1O)CCc1cc(O)c(C)c3c1[C@H]2CC(C)(C)O3VL_AD 1 0 A
VC_AD_9
O
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?
CC1=C2C(=O)C3CCC(C)C2(CC1)C3(C)CVL_AD 0 1 N
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C=C1C(=O)OC2C=C(C)C(=O)C=CC(C)(O)CC(OC(=O)C(C)C)C12VL_AD 0 1 N
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S SO
O
S
abs
OH
CCCCCC#C[C@@H](CO)C(=O)OCCc1ccc(-c2cccs2)s1VL_AD 1 0 A
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O
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O
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CC12CCC3[C@H]1C=C1C(=O)c4cc(O)ccc4C(=O)C1(O2)C3(C)C=OVL_AD 1 0 A
VC_AD_99
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O
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VC_NP_10
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CC(C)C1=C(O)C(=O)C2=C(C1=O)[C@@H](C=O)C(O)C1C(C)(C)CCCC21CVL_NP 1 0 A
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C=C(C)C(=O)OC1CC2(C)OC(=CC2=O)[C@H](C)C(O)C2OC(=O)C(=C)C21VL_NP 0 1 N
VC_NP_104
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CCCCCCCc1cc(C=c2[nH]c(=C3C=CC=N3)cc2OC)[nH]c1CVL_NP 1 0 A
VC_NP_105
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CC1C2CCC3C4CC=C5CC(N(C)C)CC[C@@]5(C)C4CCC23CN1CVL_NP 1 0 A
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CC=C1CN2C3CC1C(CO)(C(=O)OC)C2Cc1c2ccccc2[nH]c13VL_NP 1 0 A
VC_NP_107
OO
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N
COC(=O)C1=COC(C)C2Cn3ccc4c5ccccc5nc-4c3CC12VL_NP 1 0 A
VC_NP_108
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COC(=O)C1=COC(C)C2CN3CCc4c5ccccc5[nH]c4C3CC12VL_NP 0 N
VC_NP_109
O
O
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O
COc1cc2c(cc1OC)-c1ccc3cc4c(cc3c1N(C)C2)OCO4VL_NP 1 0 A
VC_NP_11
O
O
O
Cc1cc2cc(=O)cc3oc(C)cc(o1)c23VL_NP 0 1 N
VC_NP_110
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O
COc1ccc2c(c1OC)C[C@@H]1NCCc3c(OC)c4c(c-2c31)OCO4VL_NP 1 0 A
VC_NP_111
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O
CN1CCc2cc3c(cc2C(=O)Cc2ccc4c(c2C1)OCO4)OCO3VL_NP 1 0 A
VC_NP_112
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VC_NP_114
O
S
abs
OH
OH
OO
COc1cc2cc3c(c(O)c2c2c1C=CC(C)(C)O2)C(=O)C[C@@](C)(O)C3VL_NP 1 0 A
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C=C(C)C(=O)OC1CC23OC2CCC(=CC2OC(=O)C(=C)C21)COC3OVL_NP 0 1 N
VC_NP_116
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CC=C1CN(C)C2Cc3c4ccccc4[nH]c3C(=O)CC1C2C(=O)OCVL_NP 0 1 N
VC_NP_117
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COc1cc2c(cc1O)CC[N+]1([O-])Cc3cc(OC)c(OC)cc3CC21VL_NP 1 0 A
VC_NP_118
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C=C1C(=O)OC2CC(C)C=CC(=O)C(C)(O)CC(OC(=O)CC(C)C)C12VL_NP 0 1 N
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COc1cc(O)c2c(c1)C=CCC(O)C(O)C(O)C=CCC(C)OC2=OVL_NP 1 0 A
VC_NP_12
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Cc1cc2c3c(cc(=O)cc-3o1)C[C@H](C)O2VL_NP 0 1 N
VC_NP_120
O
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CCCCCCC=CCCCCCCCC1CC2(O)C[C@@H](O)C=C[C@@]2(O)O1VL_NP 1 0 A
VC_NP_121
O
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O
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COc1c(=O)c2c(O)c3c(cc2oc1-c1ccc(O)cc1)OC(C)(C)C=C3VL_NP 1 0 A
VC_NP_122
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C=C1C(=O)OC2C1CC(O)C(C)(OC(=O)C(C)=CC)[C@]13C=C[C@](C)(OO1)C23VL_NP 0 1 N
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C=C1C(=O)OC2CC(C)[C@@H]3C=CC(=O)C3(C)C(OC(=O)C(=CC)C(C)O)C12VL_NP 1 0 A
VC_NP_125
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O
COc1ccc(C2c3cc(OC)c(OC)cc3C(=O)C(C)C2C)cc1OCVL_NP 0 1 N
VC_NP_126
OH
?
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?
?
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CC(C)C1CCC(C)CC1c1c(O)cc(C=Cc2ccccc2O)cc1OVL_NP 1 0 A
VC_NP_127
O
O
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O
C=C1C(=O)OC2C=C(CO)C3=CC(=O)C(C)(CC(OC(=O)C(C)=CC)C12)O3VL_NP 0 1 N
VC_NP_128
O
N
OH
?
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O ?
?
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CCC(C)C1OC(c2c(O)c(-c3ccccc3)cn(O)c2=O)C(C)CC1CVL_NP 1 0 A
VC_NP_129
O
OH N
O
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OH
COc1c(O)c(CCC=C(C)C)c(O)c2c(=O)c3cccc(O)c3n(C)c12VL_NP 1 0 A
VC_NP_13
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?
?
C=C(C)C1CCC2(C)C(=O)CCC(C)C2(O)C1VL_NP 0 1 N
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C=C(C)C1CCC2(C)C(=O)CCC(C)C2(O)C1VL_NP 0 1 N
VC_NP_130
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CCCCCCC=CCCCCCCCC(O)CC1(O)C[C@@H](O)C=CC1=OVL_NP 1 0 A
VC_NP_131
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O
CC(O)CC(=O)OC1C2c3cc4c(cc3CC3CCC(=C[C@@H]1O)C32)OCO4VL_NP 0 1 N
VC_NP_132
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O
C=C1C(O)C2(O)OCC34C2C2(C)C(O)C(=O)C=C(C)[C@@H]2CC3OC(=O)CC14VL_NP 1 0 A
VC_NP_133
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?
O
CCC1CC2CN3CCc4c5cc(OC)ccc5[nH]c4C(C(=O)OC)(C2)C13VL_NP 1 0 A
VC_NP_134
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?
CCC12CCCN3CCC4(c5ccc(OC)c(O)c5N(C(C)=O)C4CC1)C32VL_NP 1 0 A
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CC1=CC(=O)C(O)C2(C)C3C4(C)OCC35C(C[C@@H]12)OC(=O)C(O)C5C(O)C4OVL_NP 1 0 A
VC_NP_136
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?
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O
CC(=O)OC1CCC(C)(C)C2(O)CC3OC(=O)C4c5ccoc5CC(C34)C12CVL_NP 1 0 A
VC_NP_137
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O
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CC=C1CN2CCC34c5cc(O)ccc5N(C)C35OCC4(C(=O)OC)C1CC25VL_NP 1 0 A
VC_NP_138
O
O
?
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?
CCCCCCCCCCCCCCCCC1(C)CC(C)(CC(=O)OC)OO1VL_NP 0 1 N
VC_NP_139
O
O
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O
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O
O
O
COc1cc2c(c(OC)c1OC)OCC(C1=CC(=O)C(OC)=C(OC)C1=O)C2VL_NP 0 N
VC_NP_14
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?
?
?
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CC(C)C1=CCC2(C)C(O)CCC(C)(O)C2C1VL_NP 1 0 A
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COc1cc(-c2cc(=O)c3c(cc(OC)c(OC)c3OC)o2)cc(OC)c1OVL_NP 1 0 A
VC_NP_141
O
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CC(C)=CCCC(C)=CCc1c(O)cc(O)c2c(=O)c3cc(O)ccc3oc12VL_NP 0 N
VC_NP_142
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C=CC12COC(=O)C(=C)C1C(O)C(C(=C)C(=O)OC)C(OC(=O)C(=C)CO)C2VL_NP 0 1 N
VC_NP_143
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COc1cc(O)c2c(c1)C(O)C(CC(O)C(O)C(O)C=CCC(C)O)OC2=OVL_NP 1 0 A
VC_NP_144
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O
CC(C)CNC(=O)C=CC=CCCCCCCC=Cc1ccc2c(c1)OCO2VL_NP 1 0 A
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CC1CCC2C(C)(C)C(O)CCC2(C)C12Cc1c(c(C=O)c(C=O)cc1O)O2VL_NP 1 0 A
VC_NP_146
O ?
N
H
?
?
O
?
?
?
? ?
N
CC(C1CCC2C3CCC4C(=O)C(NC=O)=CCC4(C)C3CCC12C)N(C)CVL_NP 1 0 A
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CC(C1CCC2C3CCC4C(=O)C(NC=O)=CCC4(C)C3CCC12C)N(C)CVL_NP 1 0 A
VC_NP_147
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N
COc1ccc(-c2ccc3cc(C)nc(C)c3c2O)c2cc(C)cc(OC)c12VL_NP 1 0 A
VC_NP_148
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?
CC(C)=CC1CC(C)C2(CCC3(C)CC4C(C(=O)CC4(C)O)C(C=O)=CCC32)O1VL_NP 1 0 A
VC_NP_149
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CC(C)=CCc1c2c(c3oc4c(O)c(O)ccc4c(=O)c3c1O)C(C)(C)[C@H](C)O2VL_NP 1 0 A
VC_NP_15
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O=C1c2ccccc2C(=O)C2=C1CO[C@H](O)C2VL_NP 1 0 A
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CC(C)=CCC[C@]1(C)C=Cc2c(O)c3c(cc2O1)oc1c(O)ccc(O)c1c3=OVL_NP 1 0 A
VC_NP_152
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VC_NP_153
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COc1cc(O)c(C2=C(C)C=C(OC)[C@H]3C(O)=CC=C[C@H]23)c2c1C(C)NC(C)C2VL_NP 1 0 A
VC_NP_154
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C=C1C(O)C2(O)OCC34C2C2(C)C(O)[C@@H](O)C=C(C)C2CC3OC(=O)C(O)C14OVL_NP 1 0 A
VC_NP_155
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O
CC1=CC(=O)C(O)C2(C)C1CC1OC(=O)C(O)C3(O)C4(C)OCC13C2C(O)C4OVL_NP 1 0 A
VC_NP_156
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CC(C1CCC2C3CC=C4CC(N)CCC4(C)C3CCC12C)C1CCC(C)CN1VL_NP 1 0 A
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CC=C1CN2CCC34c5ccccc5N=C3[C@H]2CC1C4(COC(C)=O)C(=O)OCVL_NP 1 0 A
VC_NP_158
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CC(C)=CCc1cc(C(=O)C=Cc2ccc(O)cc2)c(O)c(CC=C(C)C)c1OVL_NP 1 0 A
VC_NP_159
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C=C1C(=O)OC2C=C(COC(C)=O)CCC=C(C=O)CC(CC(=O)C(C)CC)C12VL_NP 0 1 N
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CC(=O)C1=C2C(C)(C)C3CCC2(C3)C(C)(C)CC1VL_NP 1 0 A
VC_NP_160
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O
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VC_NP_165
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VC_NP_166
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VC_NP_167
O
O
?
?
??
OH
O
O
O
CC(=O)OC1CC(OC(C)=O)C2(C)c3cc4occc4c(C)c3CCC2(O)C1(C)CVL_NP 1 0 A
VC_NP_168
OO
?
?
OH?
?
OH
?
O
?
?
O?
?
?
OH
?
OH
OH
O
CC1=CC(=O)C(O)C2(C)C3C4(O)COC35C(CC12)OC(=O)C(O)C5(O)C1(CO1)C4OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O
?
?
??
OH
O
O
O
VC_NP_168
OO
?
?
OH?
?
OH
?
O
?
?
O?
?
?
OH
?
OH
OH
O
CC1=CC(=O)C(O)C2(C)C3C4(O)COC35C(CC12)OC(=O)C(O)C5(O)C1(CO1)C4OVL_NP 1 0 A
VC_NP_169
O
O??
?O
O
O
O
OH
O
C=C(CO)C(=O)OC1CC(COC(C)=O)=CCCC(C(C)=O)=CC2OC(=O)C(=C)C21VL_NP 0 1 N
VC_NP_17
OO
O
C=C(C)c1cc2c(o1)C(=O)c1ccccc1C2=OVL_NP 1 0 A
VC_NP_170
O
O??
?
?
?
O
O
O
O
O
OH
C=CC1(COC(C)=O)CC(OC(=O)C(=C)CO)C2C(=C)C(=O)OC2C1C(=C)C(C)=OVL_NP 0 1 N
VC_NP_171
O
O??
?
?
O OH
O
?
O
C=CC1=CCCC(CO)=CC2OC(=O)C(=C)C2C(CC(=O)C(C)CC)C1OC(C)=OVL_NP 0 1 N
VC_NP_172
O
OH
OH
S
abs
OH
OH
C=C(C)[C@@H](O)Cc1cc(C(=O)C=Cc2ccc(O)c(CC=C(C)C)c2)c(O)cc1OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
OH
OH
S
abs
OH
OH
VC_NP_173
O
O ? ?
NH
?
?
?
?
OH
CCCCCC=CC(=O)OC1CC2C(CCCCC(O)CCC)CCCC2NC1CVL_NP 1 0 A
VC_NP_174
S
O
O
NH
O
O
Rabs
O
O
O
C[C@]12CCC(=O)c3coc(c31)C(=O)c1cc3c(cc12)C(=O)C1=C(C3=O)S(=O)(=O)CCN1VL_NP 0 A
VC_NP_175
O?
?
?
OH
?
?
OH
?
?
O
O
O
O
O
COC(=O)C1c2ccoc2CC2C1C(OC(C)=O)C(O)C1(O)C(C)(C)CCC(=O)C21CVL_NP 1 0 A
VC_NP_176
O
O
OH O
OH
OH
CC(C)=CCc1c(=O)c2c(O)cc3c(c2oc1-c1ccc(O)cc1O)C=CC(C)(C)O3VL_NP 1 0 A
VC_NP_177
OO
?
?
? ?OH
?
O
O
C=C1c2ccoc2CC2C1CCC1(O)C(C)(C)CC(CC(C)=O)C(=COC(C)=O)C21CVL_NP 1 0 A
VC_NP_178
O
?
?
?
O
O
?
?
O
OH
O
O
CC(=O)OC=C1CCC(C)(C)C2(O)CC(OC(C)=O)C3C(=O)c4ccoc4CC3C12CVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
?
?
O
O
?
?
O
OH
O
O
VC_NP_179
O
?
?
?
OH
?
?
O
O
O
O
O
COC(=O)C=C1c2ccoc2CC2C1CC(OC(C)=O)C1(O)C(C)(C)CCC(=O)C21CVL_NP 1 0 A
VC_NP_18
O
?
?
?
O
?
O C=C1C(=O)OC2C1CCC1(C)C=CC(=O)C(=C)C21VL_NP 0 1 N
VC_NP_180
OO
?
?
?
OH
?
OH?
?
?
O
O
O
C=C1c2ccoc2CC2C1C(O)C(OC(C)=O)C1(O)C(C)(C)CCC(OC(C)=O)C21CVL_NP 1 0 A
VC_NP_181
O?
O OH
OH?
OH
OH
C=C(C)C(CC=C(C)C)Cc1c(O)cc(O)c2c1OC(c1ccc(O)cc1O)CC2=OVL_NP 0 1 N
VC_NP_182
O
S
abs
OH
OH
OH
O
COc1cc2cc3c(c(O)c2c(O)c1CC=C(C)CCC=C(C)C)C(=O)C[C@@](C)(O)C3VL_NP 1 0 A
VC_NP_183
O
OH N
OH
OH
CC(C)=CCCc1ccc(O)c2c1c(=O)c1c(O)c(CCC=C(C)C)c(O)cc1n2CVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
OH N
OH
OH
VC_NP_184
O
OH
R
abs
?
?
?
?
?OH CC1=C(O)C(=O)C=C2C1=CC=C1C3(C)CCC4(C)CCC(CO)CC4C3(C)CC[C@@]21CVL_NP 0 1 N
VC_NP_185
O
O OH
OH
OH
O
?
?
O
?
COc1cc(O)c2c(=O)c3c(O)ccc(O)c3oc2c1CC1C(C)(C)C2CCC1(C)O2VL_NP 1 0 A
VC_NP_186
O
O
S
abs
?O ? ? N
O
O
O
CCCC(=O)OC1C2c3cc4c(cc3CN3CCC(=C[C@@H]1OC(=O)CCC)C23)OCO4VL_NP 0 1 N
VC_NP_187
O
O
?
?
?
?
?
?
?
O
O
?
OH
OH
O
O
C=C1C(=O)OC2C(OC(=O)C(C)=CC)C1C(OC(=O)C(C)C)C1C(C)(O)CCC(O)C21CVL_NP 1 0 A
VC_NP_188
O
O OH
OHS
abs
O
OH
C=C(C)[C@@H](CC=C(C)C)Cc1c(O)cc(O)c2c(=O)cc(-c3ccc(O)cc3OC)oc12VL_NP 1 0 A
VC_NP_189
O
?
R
abs?
?
O
?
O
?
?
?
O
O
O
CC1(C)C(=O)C=C[C@@]2(C)C3CCC4(C)C(c5ccoc5)OC(=O)C5OC54C3(C)C(=O)CC12VL_NP 1 0 A
VC_NP_19
N
N
Cn1c2c3ccccc3nc-2cc2ccccc21VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
R
abs?
?
O
?
O
?
?
?
O
O
O
VC_NP_19
N
N
Cn1c2c3ccccc3nc-2cc2ccccc21VL_NP 1 0 A
VC_NP_190
S
OO
N
H
O
O
?
O
?
?
O
OH
?
CC12COC3(O)C(=O)c4cc5c(cc4C(C)(CCC1)C23)C(=O)C1=C(C5=O)S(=O)(=O)CCN1VL_NP 1 0 A
VC_NP_191
O
&1
OH
OH
O
OH
O
OH
O
P
COc1cc(O)c(C(C)=O)c(O)c1-c1c(C)cc(O)c2c1C(=O)c1cccc(O)c1C2=OVL_NP 1 0 A
VC_NP_192
O
O
OH OH
OH
?
OH
O ?
OH
OHOH
O=C(Oc1cc(C2Oc3cc(O)cc(O)c3CC2O)ccc1O)c1cc(O)c(O)c(O)c1VL_NP 1 0 A
VC_NP_193
O
O
?
O
OH
O?
?
OH
?
OH
?OH
OH
OH
OH
CC1OC(Oc2c(=O)c3c(O)cc(O)cc3oc2-c2ccc(O)c(O)c2)C(O)C(O)C1OVL_NP 1 0 A
VC_NP_194
O
?
OH
O
OH
O
?
OH
O
?
OH
?
OH?
?
OH
OH
CC1OC(Oc2cc3c(c(O)c2O)C(=O)CC(c2ccc(O)c(O)c2)O3)C(O)C(O)C1OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
OH
O
OH
O
?
OH
O
?
OH
?
OH?
?
OH
OH
VC_NP_195
O
O
OH
OH
O
O O
COc1cc2c(=O)c3c(O)c(CC=C(C)C)c4c(c3oc2c(O)c1OC)C=CC(C)(C)O4VL_NP 1 0 A
VC_NP_196
O
?
?
?
?
O
S
abs
?
?
O
O
??
?
O O
S
abs
OH
CC12C=CC(=O)C3(C)C1C(=C[C@@]1(C)C45OC4CC(C4=C[C@@H](O)OC4=O)C5(C)CC4OC431)OC2VL_NP 1 0 A
VC_NP_197
O
OH
???
OH
OH
CC(C)C1=CC2=CC=C3C(C)(C)CC(CC(C)c4ccc(O)c(O)c4)CC3(C)C2=C(O)C1=OVL_NP 1 0 A
VC_NP_198
O
O
?
?O
OH
OH
OH
OH
OHOH
OH
OH
O=C(OC1Cc2c(O)cc(O)cc2OC1c1cc(O)c(O)c(O)c1)c1cc(O)c(O)c(O)c1VL_NP 1 0 A
VC_NP_199
O
?
?
?
OH
OH
CC(C)=CCCC(C)=CCCC(C)=CCCC1(C)C(CCCO)C(=C(C)C=O)CCC1(C)OVL_NP 1 0 A
VC_NP_2
Cl
?
? OHN2H
N
NH
N 2H
NCC(Cl)C(O)c1c[nH]c(N)n1VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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Cl
?
? OHN2H
N
NH
N 2H
VC_NP_20
O
O
OH
CC(C)=CCC1=C(O)c2ccccc2C(=O)C1=OVL_NP 1 0 A
VC_NP_200
O
O
? ?
? ?
?
O
?O
?
OH
O
O
O
CC(=O)OC=C1CCC(C)(C)C2(O)C(OC(C)=O)C3OC(=O)C4c5ccoc5CC(C34)C12CVL_NP 1 0 A
VC_NP_201
O
OH
?
S
abs
?
?
?
O
O
C=C1CCC2(C(=O)OC)CC[C@]3(C)C4=CC=C5C(C)=C(O)C(=O)C=C5C4(C)CCC3(C)C2C1VL_NP 0 1 N
VC_NP_202
O
OH
??
?
?
?
S
abs
?
?
OH
CC1(C(=O)O)CCC2(C)CCC3(C)C4=C(CCC3(C)C2C1)[C@@]1(C)CCC(O)C(C)(C)C1CC4VL_NP 1 0 A
VC_NP_203
O
OH
?
?
?
?
?
?
?
?
OH
CC1(C)CCC2(C(=O)O)CCC3(C)C(=CCC4C5(C)CCC(O)C(C)(C)C5CCC43C)C2C1VL_NP 1 0 A
VC_NP_204
O
?
?
?
??
?
?
??
OHOH
C=C(C=O)C1CCC2(C)CCC3(C)C(CCC4C5(C)CCC(O)(O)C(C)(C)C5CCC43C)C12VL_NP 1 0 A
VC_NP_205
O
O
?
?
?
?
?
?
N
?
?
N
CC(C)=CCC(=O)OC1CC2C(CC=C3CC(N(C)C)CCC32C)C2CCC3CN(C)CC321VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
?
?
??
?
?
??
OHOH
VC_NP_205
O
O
?
?
?
?
?
?
N
?
?
N
CC(C)=CCC(=O)OC1CC2C(CC=C3CC(N(C)C)CCC32C)C2CCC3CN(C)CC321VL_NP 1 0 A
VC_NP_206
O
O
OO
O
O
O
O
O
O
COc1cc(C=C2Oc3cc(OC(C)=O)cc(OC(C)=O)c3C2=O)cc(OC)c1OC(C)=OVL_NP 1 0 A
VC_NP_207
N
?
?
NH
?
? NHN
H
CCC1CN2CCc3c4ccccc4[nH]c3C2CC1CC1NCCc2c3ccccc3[nH]c21VL_NP 1 0 A
VC_NP_208
OH
N
H
N
??
N
NH
CC=C1CN2CCc3c4ccccc4[nH]c3C2CC1Cc1nccc2c3cc(O)ccc3[nH]c21VL_NP 1 0 A
VC_NP_209
O
OH
OH
OH
CC(C)=CCc1c(C)c(CC=C(C)C)c2c(c1O)C(=O)c1c(O)cc(O)c(CC=C(C)C)c1C2VL_NP 1 0 A
VC_NP_21
O
O ?
?
?
OH
?
OH
C=C1C(=O)OC2CC(=C)C(O)CCC(C)=CC(O)C12VL_NP 0 1 N
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O ?
?
?
OH
?
OH
VC_NP_210
O OH
OH
OH
CC(C)=CCc1c(C)cc(O)c2c(O)c3c(cc12)C(CC=C(C)C)(CC=C(C)C)C(=O)C=C3OVL_NP 1 0 A
VC_NP_211
O
OHS
abs
OH
OH
CC(C)=CCc1c(C)c(CC=C(C)C)c2cc3c(c(O)c2c1O)C(=O)C=C(O)[C@H]3CC=C(C)CVL_NP 1 0 A
VC_NP_212
O
O
OH
OH
OH
OH
CC(C)=CCCC(C)=CCc1c(O)c(O)c2oc3cc(O)cc(O)c3c(=O)c2c1CC=C(C)CVL_NP 1 0 A
VC_NP_213
OOH
O
O
OH OH
CC(C)=CCc1c(O)cc2oc3c(c(=O)c2c1O)C(CC=C(C)C)(CC=C(C)C)C(=O)C(O)=C3VL_NP 1 0 A
VC_NP_214
O
O
R
absN
H
O
O
O
COc1ccc([C@H](CNC(=O)C=Cc2ccccc2)OC(=O)C=Cc2ccccc2)cc1OCVL_NP 1 0 A
VC_NP_215
Br
O
O
Br
Rabs
ON
O
N
H
O
Br
Br
NH
CNCCc1cc(Br)c(OCCCNC(=O)C2=NO[C@]3(C2)CC(Br)=C(OC)C(Br)=CO3)c(Br)c1VL_NP 0 1 N
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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Br
O
O
Br
Rabs
ON
O
N
H
O
Br
Br
NH
VC_NP_216
O
O?
?
O
?
??
?
Sabs
O?
O
?
??
OH
?
OHOH
?
OH
CCC(C)C(=O)OC1C(=O)OC2C[C@H]3C(C)=CC(O)C(O)C3(C)C3C(O)C(O)C4(C)OCC23C14VL_NP 1 0 A
VC_NP_217
O
?
OH?
R
abs
?
?
??
O
?
O
OH
??
O
OH
?
O
O
CC=C(C)C(=O)OC1C2OC(=O)CC3C(C)C(O)C4(O)OCC32C4C2(C)C(O)C(=O)C=C(C)[C@@H]12VL_NP 1 0 A
VC_NP_218
O
O
N
H
?
?
?N
O
O
CCC1CN2CCc3cc(OC)c(OC)cc3C2CC1CC1=C2C=C(OC)C(=O)C=C2CCN1VL_NP 1 0 A
VC_NP_219
O
O
?N
?
?
?
NH
O
OH
CCC1CN2CCc3cc(OC)c(OC)cc3C2CC1CC1NCCc2cc(O)c(OC)cc21VL_NP 1 0 A
VC_NP_22
O
?
S
abs
O?
OOH
CC(=CCO)C1CC2C(C)(C)C(=O)C=C[C@]2(C)OO1VL_NP 1 0 A
VC_NP_220
OH
?
?
?
?
?
?
OH
?
S
abs
?
OH
?
OH
CC(CC=CC(C)(C)O)C1CCC2(C)C3[C@@H](O)C=C4C(CCC(O)C4(C)C)C3(C)CC(O)C12CVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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OH
?
?
?
?
?
?
OH
?
S
abs
?
OH
?
OH
VC_NP_221
O
OHO
O
OH
OH
CC(C)=CCc1c(O)cc2oc3c(CC=C(C)C)c(O)c4c(c3c(=O)c2c1O)C=CC(C)(C)O4VL_NP 1 0 A
VC_NP_222
O
?
? O
?
?
?
OH
O??
O
O
OO
O
CC(=O)OC1C(OC(C)=O)C(C)(C)C2(O)CCC3C(=O)c4ccoc4CC3C2(C)C1OC(C)=OVL_NP 1 0 A
VC_NP_223
O
O
?
??
O
O
? OH
OH
?OH
OH
O
OH
O
OH
OH
COc1cc(C(=O)OC2C(O)C(CO)OC3c4c(O)c(O)c(O)cc4C(=O)OC23)cc(O)c1OVL_NP 1 0 A
VC_NP_224
O
N
H
?
?
O ?
?
O
?
?
?
?
? ?
NH
CC=C(C)C(=O)NC1CCC2(C)C3CCC4(C)C(C(C)NC)CCC4C3CCC2C1OC(C)=OVL_NP 1 0 A
VC_NP_225 O
?
?
??
?O
?
O
??
O
?
O
O
CC(=O)OC1CC2C(C)(C)C(=O)C=CC2(C)C2CCC3(C)C(c4ccoc4)C(=O)C4OC43C12CVL_NP 1 0 A
VC_NP_226
O?
OH
?
?
S
abs
O
? ?
?
?
O
O
O
O CC(=O)OC1CC2(C)C(c3ccoc3)CC3OC32C2(C)C(=O)C(O)=C3C(C)(C)C(=O)C=C[C@@]3(C)C12VL_NP 1 0 A
VC_NP_227
NN
N
N
Cn1c2nc3ccccc3c-2c(-n2c3ccccc3c3nc4ccccc4cc32)c2ccccc21VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O?
OH
?
?
S
abs
O
? ?
?
?
O
O
O
O
VC_NP_227
NN
N
N
Cn1c2nc3ccccc3c-2c(-n2c3ccccc3c3nc4ccccc4cc32)c2ccccc21VL_NP 1 0 A
VC_NP_228
O
O?
?
OH
N
H
O
?
OH
?
O
?
?
N
H
OH
?
NH
O
CC(C)CC(NC(=O)C(O)C1OC(C)(O)C2(C)NC(=O)CC1N2)C1Cc2cccc(O)c2C(=O)O1VL_NP 0 1 N
VC_NP_229
O
OH
OH
OH
OH
CC(C)=CCC1=C(O)C(CC=C(C)C)(CC=C(C)C)c2cc3c(O)c(C)cc(O)c3c(O)c2C1=OVL_NP 1 0 A
VC_NP_23
O
O
?
?
?
OH
NH
O
COc1ccc(CC2NCC(O)C2OC(C)=O)cc1VL_NP 1 0 A
VC_NP_230
OO?
O
?
OHOH
?
OH?
OH
O
?
OH
OH
O
O
O
COc1cc(OC2OC(COC(=O)c3cc(O)c(O)c(O)c3)C(O)C(O)C2O)cc(OC)c1OCVL_NP 1 0 A
VC_NP_231
O
NH
S
abs
N
N
NH
CCCCCCCCCCCCCCC[C@H]1CC(=O)NCCCN(C)CCCCNCCCN1CVL_NP 0 1 N
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
NH
S
abs
N
N
NH
VC_NP_232
OO
?
?
N
?O
O
O
?
?
?
?
O
OH
CCCCC(C)CC(C)C(=O)N1CCCC1C(=O)OC(C(=O)OC(C(=O)O)C(C)CC)C(C)CCVL_NP 1 0 A
VC_NP_233
O
?
??
Sabs
??
OH? OO
ORabs
O
OH
?
O
COC(=O)[C@@]1(C)C=CC(=O)C2(C)C(CC(=O)O)C3(C)C4=C(C)C(c5ccoc5)C[C@H]4OC3C(O)C21VL_NP 1 0 A
VC_NP_234
O
OH
O OH
OH
O?
O
?OH
O
OH
COc1cc(C2Oc3cc(-c4oc5cc(O)cc(O)c5c(=O)c4O)ccc3OC2CO)ccc1OVL_NP 0 1 N
VC_NP_235
O
OH
?
?
?
?
OH
?
?
?
?
?
?
?OH
OH
CC1CCC2(C(=O)O)CCC3(C)C(=CCC4C5(C)CC(O)C(O)C(C)(C)C5CCC43C)C2C1(C)OVL_NP 1 0 A
VC_NP_236 O
?
S
abs
?
?
O
?
R
absO
O
?
O
?
O
CC(=O)OC1C(OC(C)=O)[C@@]2(C)C3=CCC(c4ccoc4)C3(C)CCC2[C@]2(C)C=CC(=O)C(C)(C)C12VL_NP 1 0 A
VC_NP_237
O
NH
? N
H
N
N?
OH
CCCCCCCCCC(O)CCCCCC1CC(=O)NCCCN(C)CCCCN(C)CCCN1VL_NP 0 1 N
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
NH
? N
H
N
N?
OH
VC_NP_238
O
OH O
O
OH
OH
OH
COc1c(O)cc2oc3cc(O)c(CC=C(C)CO)c(O)c3c(=O)c2c1CC=C(C)CCC=C(C)CVL_NP 1 0 A
VC_NP_239
O ?
?
?
?
R
abs
?
?
?
O
?
OH
O
?
O
O
C=C(C)C(=O)OC1CC2C3(C)C(=O)C=CC4(C)COC(C43)C(O)[C@@]2(C)C2=CCC(c3ccoc3)C21CVL_NP 1 0 A
VC_NP_24
Br
N
H
O
N
H
N
O
NH
N2H
NC1=NC(=CCCNC(=O)c2cc(Br)c[nH]2)C(=O)N1VL_NP 1 0 A
VC_NP_240
O O
?
?
O ? ?
?
?
?
O
O?
S
abs
?
?
OO
OH
OH
O
O
COC(=O)C12OCC34C1C(OC(C)=O)C(=O)OC3CC1C(C)C=C3OC(=O)C=C3[C@]1(C)C4C(O)C2OVL_NP 1 0 A
VC_NP_241
N
?
S
abs ?
NH
NH
NH
CNCCc1c2ccccc2[nH]c1C1C2[C@H](C=C(C)CC2(C)C)c2c(CCNC)c3ccccc3n21VL_NP 0 1 N
VC_NP_242
N
NN
N
Cn1c2c3ccccc3nc-2c(-c2c3nc4ccccc4c-3n(C)c3ccccc32)c2ccccc21VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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N
NN
N
VC_NP_243
O
OH
S
abs
C=C(C[C@@]1(C(C)C)CC=C(C)CC1)c1c(CCCCC)cc2c(c1O)-c1cc(C)ccc1C(C)(C)O2VL_NP 1 0 A
VC_NP_244
S
N
?
NH
?
O
N
H
O
?
N
O
O
N
?
?
R
abs
NH
O
CCC(C)C1NC(=O)c2coc(n2)C(C(C)C)NC(=O)[C@@H]2N=C(OC2C)C(C)NC(=O)c2csc1n2VL_NP 1 0 A
VC_NP_245
O OHOH
R
abs
O
O
OH
OH
Cc1cc(O)c2c(c1)C(=O)c1ccc([C@@H]3c4cccc(O)c4C(=O)c4c(O)cc(C)cc43)c(O)c1C2=OVL_NP 1 0 A
VC_NP_246
O
O?
?
O
?
??
?
Sabs
O
O
?
??
O
O
OH
?
OHOH
O
COC(=O)C12OCC34C1C(OC(=O)CC(C)C)C(=O)OC3C[C@H]1C(C)=CC(=O)C(O)C1(C)C4C(O)C2OVL_NP 1 0 A
VC_NP_247
O
S
abs
O OH
O
O
OH
OH
CC(C)=CCc1c2oc3c(c(=O)c2c(O)c2c1OC(C)(C)C=C2)[C@H](C=C(C)C)Oc1cc(O)c(O)cc1-3VL_NP 1 0 A
VC_NP_248 O
? ?
? O
??
R
absO
O
?
O
?
?
O
? OH
CC(=O)OC1CC(=O)C(C)(C)C2CC(OC(C)=O)[C@@]3(C)C4=CCC(C5COC(O)C5)C4(C)CCC3C12CVL_NP 0 1 N
VC_NP_249
N
?
?N
NH
N
CC(C)=CC1CC(C)(C=Cc2[nH]c3ccccc3c2CCN(C)C)n2c3ccccc3c(CCN(C)C)c21VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
? ?
? O
??
R
absO
O
?
O
?
?
O
? OH
VC_NP_249
N
?
?N
NH
N
CC(C)=CC1CC(C)(C=Cc2[nH]c3ccccc3c2CCN(C)C)n2c3ccccc3c(CCN(C)C)c21VL_NP 1 0 A
VC_NP_25
O
O
??
?
? O
?
O
?
C=C1C(=O)OC2CC3(C)OC3CCC3(C)OC3CC12VL_NP 0 1 N
VC_NP_250
O
?
?
?
O
?
O
O
OH
OH
OH
OH
O=C1c2ccc(O)cc2OC(c2ccc(O)cc2)C1C1C(=O)c2ccc(O)cc2OC1c1ccc(O)cc1VL_NP 0 1 N
VC_NP_251
O
O
OH
OH
OH
OH
CC(C)=CCCc1cc2c(=O)c(CCC=C(C)C)c(-c3cc(O)c(O)cc3O)oc2c(CCC=C(C)C)c1OVL_NP 1 0 A
VC_NP_252
O
OH
? ?
N?
O
?
NH
NH
O
O
COc1cc2[nH]c3c(c2cc1OC)CCNC31CCC2(CC3c4c2c(O)c(OC)cc4CCN3C)CC1OCVL_NP 1 0 A
VC_NP_253
O
O?
?
O
?
??
?
Rabs
O
O
?
??
O
O
OH
OH
OH
OH
O
COC(=O)C12OCC34C1C(OC(=O)C=C(C)C(C)(C)O)C(=O)OC3C[C@H]1C(C)=C(O)C(=O)CC1(C)C4C(O)C2OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O?
?
O
?
??
?
Rabs
O
O
?
??
O
O
OH
OH
OH
OH
O
VC_NP_254
O
?
?
?
?
?
OH
?
OH
OH
OH??
??
?
?
?
?
CCC(CCC(C)C1CCC2C3CC=C4CC(C5OC(CO)C(O)C(O)C5O)CCC4(C)C3CCC12C)C(C)CVL_NP 1 0 A
VC_NP_255
O
O
R
abs
?
?
O
?
?
O
O
?
?
OH
?
?
O
OO
O O
C=C1C2CCC3(C)[C@H](C4=CC(O)OC4=O)OC(=O)CC13OC1CC(=O)C(C)(C)C(C(OC(C)=O)C(=O)OC)C12CVL_NP 0 1 N
VC_NP_256
O
OH
O
? ?
?OH
?
?
O
OHO Cc1cc(=O)c(O)cc2c1CC1CC(O)C3(C)Oc4cc(O)c(=O)cc(C)c4CC3CC(C)(C)C=CCC1(C)O2VL_NP 1 0 A
VC_NP_257
O
?
?
O ?
?
?
OH
?
OH
OH
? OH
O
OH
O
OH
O
O
OH
COc1cc(C(OC2OC(CO)C(O)C(O)C2O)C(CO)Oc2c(OC)cc(CCCO)cc2OC)ccc1OVL_NP 1 0 A
VC_NP_258
O
O OH
O
OH
OH
O
OOH
OH
O=c1cc(-c2ccc(Oc3c(O)cc(O)c4c(=O)cc(-c5ccc(O)cc5)oc34)cc2)oc2cc(O)cc(O)c12VL_NP 0 1 N
VC_NP_259
O?
OH
??
??
O
?
?
?
?
OH
OH
O
OO
CC(=O)OC(C)(C)C=CC(=O)C(C)(O)C1C(O)CC2(C)C3CC=C4C(CC(O)C(=O)C4(C)C)C3(C)C(=O)CC12CVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O?
OH
??
??
O
?
?
?
?
OH
OH
O
OO
VC_NP_26
N
NH
Cc1c2[nH]c3ccccc3c2c(C)c2cnccc12VL_NP 1 0 A
VC_NP_260
O
?
?
?
?
O
?
?
?
?
O
?
O
?
O
O
O
S
absOH
CC12C=CC(=O)C3(C)C1C(OC2)C(OC(=O)c1ccccc1)C1(C)C2=CCC(C4=C[C@@H](O)OC4=O)C2(C)CC2OC231VL_NP 1 0 A
VC_NP_261
O
O
N
S
abs
NH
O
O
O
COc1ccc2cc1Oc1ccc(cc1)C[C@@H]1NCCc3cc(OC)c4c(c31)Oc1cc3c(cc1O4)CCN=C3C2VL_NP 1 0 A
VC_NP_262
O
?
?
?
O
OH?
O
O
OH
OH
O
OH
OH
COc1ccc(C2Oc3cc(O)cc(O)c3C(=O)C2C2C(=O)c3c(O)cc(O)cc3OC2c2ccc(O)cc2)cc1VL_NP 0 1 N
VC_NP_263 O
?
S
abs
??
R
absO
?
O
?
? ?
O
O
?
?
O
O
CC(=O)OC1OC(C2OC2(C)C)CC1C1CC=C2C1(C)CCC1[C@@]2(C)C(OC(C)=O)CC2C(C)(C)C(=O)C=C[C@]21CVL_NP 1 0 A
VC_NP_264
N ?
?
?
S
abs
Rabs
?
N
?
N
?
N
CC=C1CN2CCC34c5ccccc5N5C=C6C7N(C=C([C@H]53)C1CC24)c1ccccc1C71CCN2CC(=CC)[C@H]6CC21VL_NP 1 0 A
VC_NP_265
O ?
O
?
OOH
?O
?
OH
?
OH?
?
O
OHOH
OH
O
CC1OC(OC2C(=O)c3c(O)cc(O)cc3OC2c2ccc(O)c(O)c2)C(O)C(OC(=O)C=Cc2ccccc2)C1OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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N ?
?
?
S
abs
Rabs
?
N
?
N
?
N
VC_NP_265
O ?
O
?
OOH
?O
?
OH
?
OH?
?
O
OHOH
OH
O
CC1OC(OC2C(=O)c3c(O)cc(O)cc3OC2c2ccc(O)c(O)c2)C(O)C(OC(=O)C=Cc2ccccc2)C1OVL_NP 1 0 A
VC_NP_266
OH
NH
N
? ?
?
OH
?
NN
R
abs
Oc1cccc2c3ccnc(C4=CC5(O)CCC=CCCCCN6CCC4C4(C[C@@H]7C=CCCCCN7C45)C6)c3[nH]c21VL_NP 1 0 A
VC_NP_267
O
O
OH
&1
OH
O
O
O
O
OH
OH
M
COc1ccc(-c2cc(=O)c3c(O)cc(O)c(-c4cc(-c5cc(=O)c6c(O)cc(O)cc6o5)ccc4OC)c3o2)cc1VL_NP 0 1 N
VC_NP_268
O
O OH
R
abs
O
OH
O
OH
CC(C)=CCCC(C)=CCc1c2c(c(O)c3c(=O)c4c(oc13)-c1c3c(c(O)cc1O)OC(C)(C)[C@@H]3C4)C=CC(C)(C)O2VL_NP 1 0 A
VC_NP_269
O
O OH
O
&1
OH
O
OOH
O
M
C=C1C=C(c2ccc(OC)cc2)Oc2c1c(O)cc(OC)c2-c1cc(-c2cc(=O)c3c(O)cc(OC)cc3o2)ccc1OVL_NP 0 1 N
VC_NP_27
O
?
S
abs
?
O
OH
?
O
CC(C)C12CCC(C)(OO1)C1=C([C@@H](C)CC1=O)C2OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
?
S
abs
?
O
OH
?
O
VC_NP_270
O
?
?
O ?
OH
O
?
OH
OH
CC(C)=CCCC1(C)C(CC=C(C)C)CC2(CC=C(C)C)C(=O)C(=C(O)c3ccc(O)c(O)c3)C(=O)C1(CC=C(C)C)C2=OVL_NP 1 0 A
VC_NP_271
O?
O
? O
O
?
?
OH
OH
CC(C)=CCC1CC23CC(CC=C(C)C)C(C)(C)C(CC=C(C)C)(C(=O)C(C(=O)c4ccc(O)c(O)c4)=C2OC1(C)C)C3=OVL_NP 1 0 A
VC_NP_272
OO?S
abs? ?
?
?
?
O
O
R
abs
O
O
O
O
O
?
C=CC(C)=CCC1(C)C(C)CC(OC(=O)c2ccccc2)[C@@]23C(=C[C@H](OC(=O)C(C)CC)CC21)C(OC(C)=O)OC3OC(C)=OVL_NP 1 0 A
VC_NP_273
O O
?
?
?
O O
O
O?
O
O
N
?
?
N
O
O
CC=C1CN2C3CC45c6cc(OC)c(OC)cc6N(C)C4(O3)C2CC1C5(COC(=O)c1cc(OC)c(OC)c(OC)c1)C(=O)OCVL_NP 1 0 A
VC_NP_274
O
O
?
O
O
N
?
N
O
O
COc1ccc2cc1Oc1ccc(cc1)CC1c3c(cc(OC)c(OC)c3Oc3cc4c(cc3OC)CCN(C)C4C2)CCN1CVL_NP 1 0 A
VC_NP_275
O
O ?
?
?
OH
?
?
?
OH
?
?
?
?
?
O
OH
C=C(C)C1CCC2(C(=O)O)CCC3(C)C(C)(CCC4C5(C)CC(O)C(OC(=O)C=Cc6ccc(O)cc6)C(C)(C)C5CCC43C)C12VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O ?
?
?
OH
?
?
?
OH
?
?
?
?
?
O
OH
VC_NP_276
O
O ?
? ?
?
N
NNH
?
NH
?
R
abs
N
?
N
NH
?
?
CCCCCCCCC1CC2CNC3C(C(=O)OC(C)CCCCCCC[C@@H]4CC5CCC6CC(C)NC(=N4)N65)C(C)N=C(N1)N23VL_NP 0 1
VC_NP_277
Br
NH
?
N
ON
H
O
?
?
NH
O?
O
O
?
OH
?
CC1=CC(C)CC(C)OC(=O)CC(c2ccc(O)cc2)NC(=O)C(Cc2c(Br)[nH]c3ccccc32)N(C)C(=O)C(C)NC(=O)C(C)C1VL_NP 1 0 A
VC_NP_278
O
?
?
OH
?
?
?
?
O
OH
? ?
O ?
?
O
?
?
O
?
O ?
? ?
? O
OH
?
O
?
O
COC(C)C(C)(OC)C(O)C1CC(OC)C(C)C2(OC(C)(C3CCC(C4CCC(C5OC(C)(O)C(C)C(O)C5C)O4)O3)C(OC)C2C)O1VL_NP 1 0 A
VC_NP_279
OO
? N?
?? ?
N
?
O
?
?
?N N
CC=C1CN2CCC3c4ccccc4N4C(C(=O)OC)C1CC2C34C=CC1=COCC2C1CC1c3c(c4ccccc4n3C)CC2N1CVL_NP 1 0 A
VC_NP_28
O
?
?
O
OH
? O
?
?
CC(C)C1CCC2(C)CC3OOC12C(O)C=C3C=OVL_NP 1 0 A
VC_NP_280
O
O ?
?
?
OH ?
?
??
?
O
O
R
abs
O
OH
O
O
O
O
C=CC(C)=CCC1(C)C(C)C(OC(=O)C=Cc2ccc(O)cc2)C(O)C23C(=C[C@H](OC(=O)CCC)CC21)C(OC(C)=O)OC3OC(C)=OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O ?
?
?
OH ?
?
??
?
O
O
R
abs
O
OH
O
O
O
O
VC_NP_281
O
N
?
?
?
S
abs
N
?
?
??
N
?
R
abs
NO
CC=C1CN2CCC34c5ccccc5N5C(=O)C(C6CC78c9ccccc9N9C(=O)CC=C(C97)[C@@H]7CC8N6CC7=CC)=C[C@H](C53)C1CC24VL_NP 1 0 A
VC_NP_282
O
O
?
?
O
N
O
N
OH
OH
O
O
COc1ccc(CC2c3cc(Oc4cc(OC)c(OC)cc4CC4c5cc(O)c(OC)cc5CCN4C)c(OC)cc3CCN2C)cc1OVL_NP 1 0 A
VC_NP_283 OO
? N?
?
O ??
?
N
O ?
?
?
?
?
N
N
CC=C1CN2CCC34CC5C6CC7c8c(c9ccccc9n8C)CC(C6COC5(C)OC35C2CC1C(C(=O)OC)N5c1ccccc14)N7CVL_NP 1 0 A
VC_NP_284
O
N
?
?
?S
abs
N
??
?
? N
? ?N ?
?
OH
OO
O=C1CC2OCC=C3CN4C(C5=C[C@@H]6C7N(c8ccccc8C78CCN7CC(=CCO)C6CC78)C5=O)CC56c7ccccc7N1C5C2C3CC46VL_NP 1 0 A
VC_NP_285
O
N?
?N O
N 2HO
?
N
H
O
?
O
N
O
??
C#CCCCCC(C)CC(C)C(=O)N(C)C(Cc1ccccc1)C(=O)NC(C)C(=O)N(C)C(C)C(=O)N(C)C(Cc1ccc(OC)cc1)C(N)=OVL_NP 1 0 A
VC_NP_286
O
O
O
?
N
O
?
O
N
OH
OH
O
O
COc1cc2c(c(Oc3ccc(CC4c5cc(OC)c(OC)c(O)c5CCN4C)cc3)c1OC)CC1c3c(c(O)c(OC)c(OC)c3-2)CCN1CVL_NP 1 0 A
VC_NP_287
O
?
O
?
?
?
?
OO
O
?
?
O?
O
O
O
O
O
O
O
CC(=O)OC1C(C)C(OC(=O)c2ccccc2)C2C=C(C)C(=O)C(OC(C)=O)CC(OC(C)=O)C(C)(C)CC=C(C)C(OC(C)=O)C21OC(C)=OVL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
O
O
?
N
O
?
O
N
OH
OH
O
O
VC_NP_287
O
?
O
?
?
?
?
OO
O
?
?
O?
O
O
O
O
O
O
O
CC(=O)OC1C(C)C(OC(=O)c2ccccc2)C2C=C(C)C(=O)C(OC(C)=O)CC(OC(C)=O)C(C)(C)CC=C(C)C(OC(C)=O)C21OC(C)=OVL_NP 1 0 A
VC_NP_288
O
O
?
?
N
H
N
?
?
?
O
NH
?
?
?
N
O
O
CC=C1CN(C)C2Cc3c4ccccc4[nH]c3C(c3cc4[nH]c5c(c4cc3OC)CCN3CC4CC(CC)C3C5(C(=O)OC)C4)CC1C2C(=O)OCVL_NP 1 0 A
VC_NP_289
O
O
?
?
OH
?
?
OH
?
?
?
?
?
O
OH
?
OHOH
S
abs
O?
OH
?
O
?
?
OH?
O
?
OH
?
OH
O
?
?
OH
?
OH
OH
OH
C=C1C(O)C2(O)OCC34C2C2(C)C(O)[C@@H](OC(O)C5OC(OC6(CO)OC(CO)C(O)C6O)C(O)C(O)C5O)C=C(C)C2CC3OC(=O)C(O)C14OVL_NP 1 0 A
VC_NP_29
O
N
O
O
O
COc1cc2nc3occc3c(OC)c2cc1OCVL_NP 1 0 A
VC_NP_290
O
OH
?
O
O
OH
O O
O ?
O
OH
OH
O
O
CCC(C)C(=O)OC1(c2ccc3c(c2O)C(=O)c2c(C)c(C(=O)OC)c(O)cc2C3=O)c2cccc(O)c2C(=O)c2c(C)c(C(=O)OC)c(O)cc21VL_NP 1 0 A
VC_NP_291
O
OH ?
OH
?
OH
O
OHO
OH
CC(C)=CCCC(C)=CCc1c(O)cc2c(c1O)C(=O)c1c(O)cc(C)cc1C2C1c2cc(C)cc(O)c2C(=O)c2c(O)cc(OCC=C(C)C)cc21VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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O
OH ?
OH
?
OH
O
OHO
OH
VC_NP_292
O O ? ?
?
O
O
O ?
?
?
O
?
?
O
OO
O
?
O
?
OH
O
O
O
CCCCCCCCCCCCCCCCOC1OC(COC(C)=O)C(O)C(OC(C)=O)C1OC1OC(C)C(OC(C)=O)C(OC(C)=O)C1OC(C)=OVL_NP 1 0 A
VC_NP_293
OO
R
abs
NNH
NH
N
H
NH
N2H
O
O
?
?
?
N
N
?
NH
?
CCCCCCCC1CC2CCC3C(C(=O)OCCCCCCCCC[C@H]4NC(=N)N5CCCC5=C4C(=O)OCCCCNC(=N)N)C(C)N=C(N1)N23VL_NP 0 1 N
VC_NP_294
SN
?
N
H
O
??
O
?N
O
?
O
?
N
?O
?N
H
O
?
N
CCC(C)C(C(CC(=O)N1CCCC1C(OC)C(C)C(=O)NC(Cc1ccccc1)c1nccs1)OC)N(C)C(=O)C(NC(=O)C(C(C)C)N(C)C)C(C)CVL_NP 1 0 A
VC_NP_295
O
O
?O
O
?
O
O ?
?
O H
?
? O H
O HN 2H
CCCCCCCCCCCCCCCCCCCC(=O)OC(COC(=O)CCCCCCCCCCCCCCC)COC1OC(CN)C(O)C(O)C1OVL_NP 1 0 A
VC_NP_296
OO
?
??
O
NN
?
?
NH?
O
?
O
N
N2H
N2H
CCC1C=CCCC2(CC3CCC4C(C(=O)OCCCCCCCCCCCCCCCC(=O)N(CCCN)CCCCN)C5(CCCC(C)O5)N=C(N2)N34)O1VL_NP 0 1 N
VC_NP_297
OHSabs
?
NH
?
?
R
abs
N
N
NH
N
NH
O[C@@]12C=C(C3c4[nH]c5ccccc5c4CCN3CCc3nccc4c5ccccc5[nH]c43)[C@H]3CCN(CC34CCC=CCCCCNC41)CCCCC=CCC2VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
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OHSabs
?
NH
?
?
R
abs
N
N
NH
N
NH
VC_NP_298
O O
?
?
N
O
N
O
?
?
O
O
O
O?
?
N O
CC(C)C1OC(=O)C(Cc2ccccc2)N(C)C(=O)C(C(C)C)OC(=O)C(Cc2ccccc2)N(C)C(=O)C(C(C)C)OC(=O)C(Cc2ccccc2)N(C)C1=OVL_NP 1 0 A
VC_NP_299
O
OH
OH
OH
O
OH
OH
OH
CCC=C(C)CCC=C(C)c1c(O)cc2c(c1O)C(=O)c1c(O)cc(C)cc1C2=C1c2cc(C)cc(O)c2C(=O)c2c(O)c(C(C)=CCCC(C)=CCC)c(O)cc21VL_NP 1 0 A
VC_NP_3
O
S
abs
Cc1ccc2c(c1)C(=O)CC[C@@H]2CVL_NP 0 1 N
VC_NP_30
Br
N
H
NH
O
NH
S
abs O
N
H
N2H
N[C@@H]1NC(=O)C(=C2CCNC(=O)c3[nH]cc(Br)c32)N1VL_NP 1 0 A
VC_NP_300
O
? OH
OH
?
O
O
O
?
??
O
O
?
?
O
? ?
?
O?
O
? OH
O
OH
?
?
OO
?
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CO[C@H]1C=CC23c4cc5c(cc4CN(CC2O)C3C1)OCO5VL_NP 1 0 A
VC_NP_55
O
NN
NH
O=c1c2ccccc2nc2c3[nH]c4ccccc4c3ccn12VL_NP 1 0 A
VC_NP_56
O
O
?
O
O
?
O
OH
COC(=O)CC1(C)CC(CCCCCCCCC(=O)O)OO1VL_NP 0 1 N
VC_NP_57
OO
OH
O OH
OH
OH
O
O=c1oc2c(O)c(O)cc3c(=O)oc4c(O)c(O)cc1c4c32VL_NP 1 0 A
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OO
OH
O OH
OH
OH
O
VC_NP_58
O
N
N
?
O
OH?
?
NH
O=c1c2ccccc2ncn1CC1(O)CC2NCCCC2O1VL_NP 1 0 A
VC_NP_59
O
O
?
?
?
N?
O
?
?
O
COC1CC2N3CCC2(c2cc4c(cc2C3)OCO4)C2OC21VL_NP 0 1 N
VC_NP_6
N
NH
Cc1nccc2c3ccccc3[nH]c21VL_NP 1 0 A
VC_NP_60
O
OHOH
O
O
COc1cc(O)c(C(=O)C=Cc2ccccc2)c(O)c1OCVL_NP 1 0 A
VC_NP_61
OH
OH
OH OH
CC(C)C=Cc1c(O)cc(C=Cc2ccc(O)cc2O)cc1OVL_NP 1 0 A
VC_NP_62
O
O
?
?
?
OH
O
O
O
C=C1C(=O)OC2C=C(COC(C)=O)CCC(C=O)=CCC(O)C12VL_NP 1 0 A
row ID Structure of Smiles Smiles Class P (Hit_Status=A)Probability P (Hit_Status=N)Probability Prediction (Hit_Status)
 
 
 
 
Page: 161
O
O
?
?
?
OH
O
O
O
VC_NP_63
O
OO
O
O
CC=CC(=O)c1c(OC)cc2cc(OC)cc(OC)c2c1OCVL_NP 1 0 A
VC_NP_64
O
O
?
?
?
?
?
?OH
CC(C)C1CCC23OOC2(CCC2C(C)(CO)CCCC23C)C1VL_NP 1 0 A
VC_NP_65
OO
?
?
?
?
?
OH
CC(C)C12C=C3CCC4C(C)(CO)CCCC4(C)C3(CC1)OO2VL_NP 1 0 A
VC_NP_66
O
?
? ?
?
?
?
O
OH
C=C1CC23CCC4C(C)(C)C(O)C(=O)CC4(C)C2CC1CC3=OVL_NP 0 1 N
VC_NP_67
O
?
?
?
?
?
?
OH
OH
CC1c2ccoc2CC2C1C(O)CC1(O)C(C)(C)CCCC21CVL_NP 0 A
VC_NP_68
OO
N
N
CCOC(=O)c1c2nc3ccccc3c-2n(C)c2ccccc21VL_NP 1 0 A
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OO
N
N
VC_NP_69
O OH
O
OH
O
O
COC(=O)c1c(C)c2c(cc1O)C(=O)c1cccc(O)c1C2=OVL_NP 1 0 A
VC_NP_7
?
?
C=C1CCC=C(C)CCC2C1CC2(C)CVL_NP 0 1 N
VC_NP_70
OH
?
N?
?
?
? N
CC=C1CC2C3CC1C(CO)N2Cc1c2ccccc2n(C)c13VL_NP 1 0 A
VC_NP_71
O
O
O
R
abs
?
O
CCC1=C[C@@](CC)(CC(C=CC(C)=O)CC)OC1=CC(=O)OCVL_NP 1 0 A
VC_NP_72
OH
OH
S
abs
C=C[C@](C)(CCC=C(C)CCC=C(C)C)c1ccc(O)c(O)c1VL_NP 1 0 A
VC_NP_73
OH
OH
CC(C)=CCCC(C)=CCCC(C)=CCc1cc(O)ccc1OVL_NP 1 0 A
VC_NP_74
O
O
?
?
?
?
?
O
?
OH C=C1C(=O)C23CC1(O)CCC2(C)C12CCCC(C)(C(=O)O1)C2CC3VL_NP 0 1 N
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OH
OH
VC_NP_74
O
O
?
?
?
?
?
O
?
OH C=C1C(=O)C23CC1(O)CCC2(C)C12CCCC(C)(C(=O)O1)C2CC3VL_NP 0 1 N
VC_NP_75
O
O
R
abs
O
O
C[C@]12CCCc3coc(c31)C(=O)c1cc3c(cc12)C(=O)C=CC3=OVL_NP 1 0 A
VC_NP_76
OO
?NH
?
?
N
CC=C1CN2CCC34c5ccccc5NC3=C(C(=O)OC)C1CC24VL_NP 0 1 N
VC_NP_77
O
O
N
S
absOH
O
COc1cc2c(cc1O)[C@@H]1Cc3ccc4c(c3CN1CC2)OCO4VL_NP 1 0 A
VC_NP_78
N
NH
N
N
N
N
N2H
Nc1ncnc2c1ncn2Cc1nc2ccccc2c2cc[nH]c21VL_NP 1 0 A
VC_NP_79
O
OH
OH
O
CC(C)=CCOc1cc(O)c2c(c1)Cc1cc(C)cc(O)c1C2=OVL_NP 1 0 A
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O
OH
OH
O
VC_NP_8
OH ?
?
CC1=CCCC(C)(O)C=CC(C(C)C)CC1VL_NP 1 0 A
VC_NP_80
O
O
OO
C=CC(C)(C)c1c2oc(=O)ccc2c(OC)c2c1OC(C)(C)C=C2VL_NP 1 0 A
VC_NP_81
O
S
abs
OH
O
OH
CC(C)=CCc1ccc2c(c1O)C(=O)C[C@@H](c1ccc(O)cc1)O2VL_NP 0 1 N
VC_NP_82
O
OH
O
OH
CC1(C)C=Cc2c(O)c(C(=O)C=Cc3ccc(O)cc3)ccc2O1VL_NP 1 0 A
VC_NP_83
N+
C-
?
? ?
?
?
?
?
N+
C-
[C-]#[N+]C(C)(C)CC1CC(C)C2CCC(C)C3([N+]#[C-])CCC(=C)C1C23VL_NP 0 1 N
VC_NP_84
N+
C-
?
?
?
?
?
?
?
?
?
?
N+
C-
[C-]#[N+]C1(C)CCC2C(C)CC3CC(C)C(C)([N+]#[C-])C4CCC1C2C34VL_NP 1 0 A
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N+
C-
?
?
?
?
?
?
?
?
?
?
N+
C-
VC_NP_85
ON
O
O
N
O
COc1ccc2c(c1)c1nccc3c1c(c2OC)N(C)C(=O)C3=OVL_NP 1 0 A
VC_NP_86
O
O
S
abs
OH
N
H
O
COc1ccc2c(c1O)-c1c(OC)c(OC)cc3c1[C@H](C2)NCC3VL_NP 1 0 A
VC_NP_87
O
OH
?
?
?
NHO
?
OH
OH
COc1ccc2c(c1O)C13CCNC(C2)C1=C(OC)C(O)C(O)C3VL_NP 1 0 A
VC_NP_88
O
N
O OH
O
O
COc1c2ccoc2nc2c(O)c3c(c(CC=C(C)C)c12)OCO3VL_NP 1 0 A
VC_NP_89
O
O
?
O
?
?
?
?
O
COC(=O)C(=CCC1C2(CO2)CCC2C(C)(C)CCCC12C)C1CO1VL_NP 0 1 N
VC_NP_9
O
?
??
S
abs?
CC1=CC(=O)C2C3[C@@H]1C2(C)CCC3C(C)CVL_NP 1 0 A
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O
?
??
S
abs?
VC_NP_90
O
S
abs OH
OH
O
COc1ccc2c(c1O)CCc1cc(O)c(C)c3c1[C@H]2CC(C)(C)O3VL_NP 1 0 A
VC_NP_91
O
N N
H
? N
?
?
NH
CCN(CC)C(=O)NC1CC2c3cccc4[nH]cc(c43)CC2N(C)C1VL_NP 0 1 N
VC_NP_92
ON
H
?
?
?
?
?
?
?
?
?
?
N
CC1CC2CC(C)C(C)(C#N)C3CCC4C(C1CCC4(C)NC=O)C23VL_NP 1 0 A
VC_NP_93
O
O
NS
absO
OH
COc1cc2c(cc1O)CCN1Cc3cc(OC)c(OC)cc3C[C@@H]21VL_NP 1 0 A
VC_NP_94
O
?
?
O?
OH
?
O
O
O
C=C1C(=O)OC2C=C(C)C(=O)C=CC(C)(O)CC(OC(=O)C(C)C)C12VL_NP 0 1 N
VC_NP_95
S SO
O
S
abs
OH
CCCCCC#C[C@@H](CO)C(=O)OCCc1ccc(-c2cccs2)s1VL_NP 1 0 A
VC_NP_96
Br
O
R
abs
?S
?
NH N
O
NH
O=C1CC2SC3C[C@@]2(C=C1Br)C1=C(N3)C(=O)c2[nH]cc3c2C1=NCC3VL_NP 1 0 A
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S SO
O
S
abs
OH
VC_NP_96
Br
O
R
abs
?S
?
NH N
O
NH
O=C1CC2SC3C[C@@]2(C=C1Br)C1=C(N3)C(=O)c2[nH]cc3c2C1=NCC3VL_NP 1 0 A
VC_NP_97
OO
? O
?
O
?
?
CCC=CC(CC)CCCC1(CC)CC(CC)C(CC(=O)OC)OO1VL_NP 1 0 A
VC_NP_98
O O
?
? O
?
O
? O
CCC=C(C)C=CCCCC1(OC)CC(C)C(C(C)C(=O)OC)OO1VL_NP 1 0 A
VC_NP_99
O
?
R
abs
O ?
O
OH
? ?
O
CC12CCC3[C@H]1C=C1C(=O)c4cc(O)ccc4C(=O)C1(O2)C3(C)C=OVL_NP 1 0 A
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